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1.0 INTRODUCTION

1.1 Background

e Human Relisbility Prediction System Program was initiated by the Advanced
Development Objective, 43-13X. The objective of this program was to develop a technology for predicting
and demonstrating the system effectiveness parameters of combined man-machine systems. Specific param-
eters, such as system mission reliability and availability, and design oriented measures, such as human and
equipment mean time between failure (MTBF) and mean time to repair (MTTR), were considered.

Before this program, no tools existed for measuring the impact of human reliability on
system performance, and there was no effective procedure for predicting human reliability in a weapons
systems environment. K

Project W43 13X was established in FY 69. The Chief of Naval Materia! designated the
Naval Air Systems Command (NAVAIR) as the Principal Development Activity and assigned supporting
responsibilities to the Naval Ships Systems Command (NAVSHIPS) and other Navy organizations. In
NAVAIR, the project was assigned to AIR 303.

The management responsibility for the Human Reliability Prediction System was given
to Naval Sea Systems Command (NAVSEA). The project team consisted of personnel from Naval Under-
water Systems Center (NUSC), Applied Psychological Services, and Tracor. These team members have
developed & set of procedural tools which can be used by project managers to evaluate combined human,
system, and equipment reliability and maintainability.

For information contact:

Mr. Kenneth P. LaSala
NAVMAT 08 E
(202) 692-1106

12 Available Tools and Models

The Human Reliability Program has sponsored the development of a number of tech-
niques for estimating the impact of human performance on system performance, reliability, and maintain-
ability (see figure 1-1). The program has developed a set of simulation and empirical models based on an
extensive analysis of fleet maintenance data and a concept of operational reliability which incorporates
human and equipment factors.

121 Simulation Models. The simulation models (Siegel-Wolf), developed by Applied
Psychological Services Wayne, Pa., permit human, equipment, and system reliability; availability ; asnd MTTR
to be estimated as a function of human proficiency, system design, and ships environmental parameters. An
example of the results obtained by these models is presented in figure 1.2,

11
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Figure 1-1. Human Reliasbility Prec¥ction System Tools and Models

L1 Mand Celculation Model for Probebility of Correcting & Malfunction. This model
a relatively simple hand procedure for calculating the probability of correcting a malfunction. A
of appropriste input factors is selected from the following list:

Mental activity factor

Physical repeir activity

Instruction factor

Safety procedures _,
Personnel management relationships X
Equipment operation '
Use of reference materials

Equipment inspection
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Figure 1-2. System MTTR (right scale), and Reliability and Availability (left scale) as @ Function of Average
Crew Proficiency and Manning Level

The probability of successful completion of each of these factors is determined, and the probability of
correcting the malfunction is computed by multiplying these probabilities in the appropriate manner. Both
series and parallel operations can be handled.

The methodology for computing the electronic maintenance factors listed above was
developed based on data obtained from a fleet sample of 533 technicians.
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1212 One-Two Man Simulstion Model for Calculating Malfunction Correction Time. A
computer simulation model (figurs 1-3) was developed to predict malfunction correction time. This model
uses the same input data as the haud calculation procedure discussed previously. The model computes the
time required to complete the actions measured by each of the factors and combines them to compute
overall malfunction correction time (see figure 1-4).

This model was validated using extensive data on the AN/URC-35 and AN/APS-115
radio systems. The accuracy of this computational technique was found to be excellent.

1.21.3 MHuman anc' System Reliability Simulstion Model (4 to 20 Men). This model simulates
the behavior of a self-contained system manned by from 4 to 20 persons on missions which may vary from
1 to 30 days. This model can simulate the performance of as many as 80 jobs per day. Teams of up to 20
persons can be simulated along with the repairs of a maximum of 20 different equipments.

The typical data for this model are as follows:

®  Number of men holding each rank (pay grade) and specialty (rating)

®  Body weight

®  Average proficiency in primary and secondary specialty

®  Average work pace

®  Average physical capability

°®

Average man’s physical capability after a full work day and its effects on sub-
sequent tasks performed.

Figure 13. Computer Simulator System
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Figure 14. Predicted Malfunction Correction Time (Single Technician/}

The equipment input data includes data such as:

®  Equipment and failure rate
®  Average repair time
®  Standard deviation of repair time
®  Number of men required to accomplish repair by type
The program calculates:
®  Human reliability, availability, and MTTR
®  Equipment reliability, availability, snd MTTR
®  System reliability, availability, and MTTR
® A wvariety of othcr parameters such as stress, fatigue, percent work completed,
percent needing touchup, time for task completion, etc.
122 Empiricel Modeis. The empirical models were developed, by Tracor, from fleet main-

tenance data on the AN/SQS-26 (CX) sonar. These models provide a simple means of relating repair time,
maintenance man-hours, and maintenance man experience (se¢ figure 1-5). An analysis of the data suggested
s new parameter, called maintenance power, which tied repair time and experience together. Maintenance
power is equal to the product of maintenance man experience and time spent on a repair; it.was shown that

16
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a simple relationship exists between maintenance power and the other purameters as shown in figure 1.6,
This empirical modsl ia useful to system designers during advanced development for making preliminary
ettimates of system MTTR, manning levels, and experience levels. Datu for these studies were obtained by
the Naval Weapons Engineering Support Agency (NAVWESA) under the sponsorship of NAVSEA. The
specific models developed are descrided as follows:

®  Lognormal distribution models for each major category of maintenance data

®  Linear regression models relating the repair time to the new parametsr, nwin-
tenance power

A simple prediction technique based on lognormal assumptions

A multiple repairman manhour and repair time prediction model that employs
matrix equations which incorporute repairman experience effacts

A flow chart maintainability prediction procedure that would overcome the
weakness of MIL-HDBK472 Procedure 1l and bridge the gap between theorsti-
cal maintainability prediction and the actual demonstration

REGRESNION LING
V « 4000 « 0000k

1 \ ] i
®» 0 W e N e
REPAIR OR BLAPOED TWAR (NOURS), X

Figure 1-8. Mainwnance Power Versus Repair Time
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®  Two methods of estimating the confidence bounds for variates that are roughly
lognomwlly  distributed flirst methad predicts confldence bounds that
account for parameter estimate wariations, and the second wethod predicts
canfidence bounds that account for noiss effects in the lognormal distribution.)

®  Mandour, repair time, and number of men per repait test domonstration methods

123 Allocation Model. The program also has developed a methodology for maximizing the
operational reliability of man-machine systems. This model can de salved by meéans of standard dynamic
p ming techniques - it makes use of the outputs of each of the models discussed previously. The
! is unique in that it permits the interactions of all of the major parameters describing man-machine
interactions and their effect on operational reliability to be computed.

,

13 Moasures of Etfestiveness s '

A et of relationships for cumputh;g’iwmm. equipment, and system availability,
reliubility, MTTR, and MTBF was developed and incor%ﬁmed into the 4 to 20 man simulation model de.
scribed in section 4. These equations are listed bcloy,f e computer names of the input variables of these

equations are provided. .

/
1. Human Relisbility ’/

No. res

HUMAN RELIABILITY = 1 - o oF attemphs

a-n

2. Human Aveilability

Time lost or unmenned hours (-2)

HUMAN AVAILABILITY = | - el pror=

3. Humen MTTR

- Towl time of second try successes 13
HUMAN MTTR Roof Iy - -3)

4. Equipment Reliability

Totel o during mission

BQUIPMENT RELIABILITY = ] - x ™ (

14
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5.  Equipment Aweilability

Equipment up time

EQUIPMENT AVAILABILITY = Totel mission time x No. of equipments

(1%

6.  Equipment MTBF

. - Z times between failures
EQUIPMENT MTBF No. of failures

P . Mission time x down time (1-6)
. No. of falures

7.  Equipment MTTR

Total repair times for all missions a-n

EQUIPMENT MTTR = No. of repairs

8 8. System Relisbility

N - « 7 . No of equipment failures + No. of people failures (1-8)
SYSTEM RELIABILITY I Iterations x No. of equip + Human attempts

9.  System Awsilability

SYSTEM AVAILABILITY = | %’E (19)

e
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10. System MTTR

SYSTEM MTTR = T time for repairs + T time for second try successes  (1.10)

No. of repairs + No. of second try successes

110
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20 PROBABILITY COMPOUNDING (HAND CALCULATION)

21 Introduction

The probability compounding method of predicting human reliability provides a
means of calculating the probability that a particular maintenance technician, or group of maintenance
technicians, will successfully accomplish the sequence of tasks required to correct a particular malfunction
on a given equipment or system. The method provides for hand computation of individual or group reli-
ability indices. In section 3 this basic method is expanded into a computer simulation technique for predict-
ing the time it will take to correct the malfunction. These predictions are based on a magnitude estimate
of the ratio of the number of unusally effective to the number of unusually ineffective performances
obtained in a sample of each of the required tasks. The pri\)babllity compounding procedure involves the
following steps as illustrated in figure 2-1. \
®  Multidimensional scaling
® Individual performance index computations
®  Reliability index computation

These steps are discussed in detail in the following paragraphs. The probability compounding method is
directly applicable to any activity which consists of a sequence of events. Therefore, it can also be used to
compute human operator reliability. These techniques are discussed in the later sections of this user’s
manual.

ELECTRONIC RELIABILITY OF
MAINTENANCE TECHNICIANS
FACTORS FACTORS

METNOD FOR
FACTOR COMPOUNDING
AND APPLICATION

MULTIDIMENSIONAL
SCALING

MALFUNCTION
CORRECTION
MOBABILITY
ESTIAATE

Figure 2-1. Flow of Events in Maintenance Technician Reliability Program

2.2 Multidimensiona! Scaling

Multidimensional scaling is a technique for identifying all of the job factors or tasks
involved in the maintenance, servicing, and repair of the equipment or system. In implementing the human
reliability prediction system, multidimensional scaling analyses have been performed to identify the com.
plete spectrum of tasks and requirements involved in the maintenance of electronic equipments or systems.
Equivalent factors have yet to be derived for mechanical systems.

21
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To determine the structure of the job of the electronic maintenance technician,
Siegel and Schultz (1963) performed a multidimensional scaling analysis of the job of electronic main-
tenance by naval technicians. The consensus of Fleet personnel interviewed indicated that the job of the
technician was best described by some 29 different tasks. Examples of tasks were: using schematics for
complex circuits and troubleshooting/isolating malfunctions in avionic equipments. The 29 tasks performed
by both supervisory and line personnel constituted the sample which provided the basic data for the analysis.
Sixty-five subjects distributed over 14 separate maintenance units were involved. The data was factor
analyzed by the principal components method with rotation according to the equamax criterion (Saunders,
1962). Nine factors emerged. These factors were named: Electro-cognition (EC), Electro-repair (ER).
Instruction (1), Electro-safety (ES), Personnel Relationships (PR), Electronic Circuit Analysis (ECA),
Equipment Operation (EO), Using Reference Materials (URM), and Equipment Inspection (El). These
factors are fully defined in table 2-1. Numerical estimates are given in section 3. These should be used in all
predictions.

Table 2-1. Definition of Factors

1. Electro-cognition This factor is associated with any routine mental activity involved in the
troubleshooting acts. It includes the mental formulation of simple hypotheses
regarding the cause of a malfunction, the mental synthesis of elementary
cause-effect refationships, logical thinking of a routine nature, and the inte-
gration of test results with pretest hypotheses. Simple sequential tests do not
involve electro-cognition. For example, continuity tests would not involve
this category. This is a “how to make it work™ factor as opposed to electronic
circuit analysis, which is a “why it doesn’t work™ factor. Tasks which might
involve electro-cognition are:

@  Making logic changes in a data processing unit

®  Comparing an output waveform to an ilfustration in a technical
manual

®  Observing fault lights and inferring module to be replaced

2. Electro-repair This factor includes the motor and manipulative aspects of physically repair-
ing a component which has failed. it does not include module or component
replacement, but does include module or component repair. Examples of
tasks including electro-repair are:

®  Replacing a broken solder joint
®  Adjusting the contacts on a relay

3. Instruction This factor involves teaching others how to inspect, repair, operate, or main-
tain electronic equipments. Examples of tasks involving this factor are:

®  Instructing another techniclan on how to use test equipment

®  Instructing a subordinate on how to perform a test or repair
act

®  Instructing an operator on how to work an equipment

2:2




{ Table 2. 1. Definition of Factors (Continued)

»

. 3 4.  Electro-safety This factor involves implementation of special safety procedures to mini-
mize the possibility of additional equipment damage. An example task
; involving this factor is:

N . ®  Observing high voltage protection instructions on equipment

l & 5. Personnel This factor includes the management and supervisory aspects of maintenance Pl
: Relationships organization functions. Examples of tasks involving this factor are:

, v ®  Supervising the operation/inspection/maintenance of &n elec-
‘ tronic equipment

®  Assigning personnel to an electronic repair |
®  Developing a repair schedule »

6.  Electronic Circuit This factor is purely mental in nature. It includes the application of elec-
Analysis tronic principles to the correction of a fault. Electronic principles include the
selection and use of circuit formulae and the application of the results of

calculations, and application of principles of electrical/electronic diagnostic

techniques. This factor is different from the electro-cognition factor in that

electro-cognition is almost directly effect-cause related, whereas electronic

circuit analysis involves more sophisticated consideration of intervening proc- -
¥ M esses. For example, if in the case of a faulty output, the technician can
= .- decide that either module A, B, or C is malfunctioning and that he can com-

1 plete the repair by sequential replacement of modules until the correct ‘

: i output is obtained, then the factor involved is electro-cognition. On the other *
hand, if the technician must perform a test on each of A, B, and C and then '
apply electronic theory to determine the faulty module, then electronic cir-

’ ' cuit analysis is involved. Electronic circuit analysis might also be involved in
! : certain aspects of failure reporting. Examples of electronic circuit analysis
4 are:

% ®  Determining why an oscillator yields an improper frequency
: response

* “ ®  Determining why the time delay of a timing circuit is too long
B! H

- ®  Determining why a power supply goes into an over-voltage shut-
3 down mode

~ % 7. Equipment This factor involves the operation or exercise of prime equipment and electri-
% 3 Operation cal and electronics test equipment. Examples of this factor are:

®  Employing repaired equipment . i

®  Using an oscilloscope
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Table 2. 1. Definition of Factors (Continued)

8.  Using Reference This factor includes the use of supporting documentation. The use of schemat-
Materials ics and block diagrams is included under either electro-cognition or elgc-
tronics circuit analysis.
9.  Equipment This factor includes inspections of electronic equipment, including those
Inspection inspections and examinations required after performing a correction or repair
to the equipment.
23 Performance Indices

To apply the prediction system to a particular maintenance organization, each main-
tenance technician must be rated in each of the tasks identified in the multidimensional scaling analysis.
Individual ratings were obtained by observing and evaluating a sufficient number of performances in each
job factor to provide a valid sample of the technician’s capability. Estimates based on previous experience
will also be used. These estimates were derived by interviewing technicians who were experienced in each
job factor. In each job factor, the technician’s unusually effective (UE) and unusually ineffective (UI) per-
formances were identified. The technician’s performance index (or probability of successful job perform-
ance) for each job factor was then computed by the formula:

fUE+%Ul @

The calculations for determining technician performance index ratings ate given in example 2-1.

Example 2-1. Performance index Calculations

Procedure Example

1. Identify Z:,UE and Z Ul for each job factor 1. In 25 performances on a particular job
factor, technician a was rated unusually
effective in six performances and unusually
ineffective in one performance

TUE=6
Zui=1
2.  Compute the technician's performance index 2. 6. . 86
(probability of successful performance) for 6+1

the job factor

r&u&_ ity of successful performance) = .86
UE+ 2 Ul

Technician a’s Performance index (probabil-

»~




In practice, the data provided in table 2-2 should be used. Performance indices need not be recomputed for
each new electronic system problem.

Table 2-2. Average Technicien Relisbility Ratings
Career Field

Job Activity EM ET FT IC RD RM ST ™

Electro Cognitior. 55 83 86 62 33 .63 92 .36
Electro Repair 78 99 92 70 i) N .70

8

Instruction 75 95 9 45 .57 95 51 .66
Electro Safety .60 98 95 65 92 .70 A2 62
Personnel Relationships 74 .70 .19 63 40 J7 85 .80
Electro Circuit Analysis 63 90 95 58 40 .65 .74 .60
Equipment Operation 92 85 95 .65 90 85 92 5

Using Reference Material 73 90 .87 62 95 92 .88 66

“ EM - Electrician’s mate RD - Radarman

» ET - Electronics Technician RM - Radioman
FT - Fire Control Technician ST . Sonar Technician
IC - Interior Communications Electrician T™ - Torpedoman's mate

24 Reliability Index Computation

Given a multidimensional scaling of the equipment or system to be maintained and a
complete set of performance indices for each technician, the human reliability for a given malfunction can
be computed.

- win 4 L s _ R ‘
R 3 I o R T R o YA P R

A malfunction in the equipment or system will involve some (not necessarily all) of ‘ g
the job factors identifled in the multidimensional scaling analysis. After the factors which are involved in

the malfunction are determined, the maintenance technician’s performance indices in those factors can be
used to compute the probability that the malfunction will be successfully corrected.

The actual method of computing reliability depends upon several variables: The reli- v
ability prediction technique used will depend on the interdependencies among the job factors involved in
the correction of the malfunction and with the number of technicians assigned to the problem. Another
variable is the method of assignment when more than one technician is assigned to a problem—whether they
work independently on different job tasks or together on the same task.

o 7
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28 Compounding Methods

251 Introduction. Several different job activities and persons may be involved in the
performance of a task. Successful task performance may require the successful performance of all job activities
by all persons or the successful performance of only some combination of job activities. The probability
of successful task performance is increased when several persons are assigned to the same task, and perform
the job activity in parallel with each other. In addition, the probability of successful performance will be
increased if a technician is permitted to repeat the performance or one aspect of the performance.

Siegel and Miehle (1967) presented methods for calculating overall probability of
successful task accomplishment when the probability of accomplishing each of the elements of the task is
known. The methods are demonstrated below. They were developed to exploit the job factors identified in
the multidimensional scaling studies and personnel reliability data on each factor collected originally by
Siegel and Pfeiffer and later by Siegel and Federman.

Basic concepts are expressed as follows:

Let:

s = satisfactory task performance
Tmn = satisfactory performance of job activity m by technician n
R = reliability of technician n on activity m
P {rqn] = probability that statement r,\, . is true
Thus, P [r, ] = Rpyp and P,[s] = reliability of task performance.
Suppose performance of a task involves technician b on three job factors (3, 4, and 6)

and technician g on three factors (3, 5, and 8). Both technicians perform factor 3. The condition for satis-
factory task performance is:

3.(1’3bv 1’38) A I'4b/\ 6k A l'sg Fa l’ss 2-2)
\/ is a symbol for inclusive or (inclusive disjunction)
/\ is a symbol for and (conjunction)
wnk i3 a2 symbol for “is equivalent to”
We are not limited to an “snd” and *“or” logic. Statements could conceivably be connected by conditional
or biconditional symbols. These in turn can be expressed in items of “and,” “or,” and negation. The nega-
tion of f isr i'j'
Electronic equipment maintenance can be performed by means of series or paraliel

tasks and by a single or a group of maintenance technicians. Several examples illustrating a number of
different cases are given below.

252 The Serise Case. The condition that all activities must be performed satisfactorily is
expressed by joining all statements by “‘conjunction” (A),s 1y, A1,,. This is called a series task.

28
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Pelsl = Pl Argyl = Pylrgy | raa] Prlrg,] (2:3)

Pelr a | r;,‘] is a conditional probability which is read “the probability of r| . given r5,." It is the probabil-
ity that ry, is true under the condition of ry, being true. When the truth of 1y . is independent of the truth
of ry,, we say that ry, and r,, are independent statements. In this case, P [s] = P, [rh] P, [12.).

Let:

saery, N 133\ gy (24)
Pl’[sl = P‘,[fza/\ T3d N r6dl (2.5)
= Pelroy | 139 A teal Pelfag | T6al Pr(f6al
If all statements are independent, this reduces to:
P.ls] = Py lry 1P [r34]P [rg,] (2-6)

Example 2.2 demonstrates the computations involved in technician reliability prediction for a 2 series task.
Example 2-2. Series Task

Task Description

The sample task involves job factors 1 (Electrocognition) and 2 (Electro-repair).

The task is performed by technician a, and both job factors must be completed for successful completion of
the task.

Mathematical Expression of the Problem

s=-.~r|a/\l’2a N
Applicable Formula
Pr[s] = Prl'lalpr[rh] (2-8)
Procedures
Procedure Example
1.  Determine the factors required to correct 1. The malfunction invalves job factors Electro-
the problem cognition (1) and Electro-repair (2) (Job

factors are identified in table 2-1.)

2. Determine the technician’s performance 2.  Technician a is assigned to the problem.
index ratings in the applicable job factors Applicable performance index ratings are:

EC(1) = .86 ER(2)= .90
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3. Substitute the technician’s performance 3. Prlsl‘P,[f“]Prlh.]
index ratings into the formula and compute = [:86] [.90] -
the probability that the technician can : -
correct the malfunction = 774

Before concluding this discussion of the sample series case, it is important to
note that all practical calculations assume that technician actions on each job factor are independent of the
other job actions. This assumption is made because no data is available for the conditional case.

253 The Parallel Case. If the satisfactory performance of one or the other factor (or both)
is required for the satisfactory performance of the task, then the task is called a parallel task. The satis-
factory performance of parallel tasks is expressed as:

(3 I'3ev |’7° (2-9)
In this case, job factors 3 and 7 are involved and the task is performed by technician e.

When the same job factor is performed by two technicians and acceptable performance
of either technician will constitute acceptable performance for the team, the condition is expressed as:

samr3, VI3, (2-10)

This condition is also referred to as a parallel performance. In the i»llowing formula, job factor 3 is per-
formed by technicians a and c.

Plsl = P [f3,Vr3 ]l =1 - P fr3, D1 - Pfr3]) 2-11)
in the independent case.

A similar case involving three technicians is expressed as:

Let:
str‘bv l‘lc\/l']8 -12)
then:
Prlsl = Pr[llbv t‘cvflgl (2“3)
=1.Q0 - Pr['lb“(l . Pr['lcn(l - Pr['lgn
in the independent case.

Examples 2-3 and 24 demonstrate the computations involved in reliability prediction
for parallel tasks. In example 2.3, two job factors are performed by a single technician. In example 24,
two technicians work together on one job factor.

-
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Example 2-3 Paraliel Task for Single Technician

Task Description

The sample task involves job factors 1 (Electro-cognition) and 2 (Electro-repair). The

task is performed by technician a, and satisfactory completion of either job factor will constitute successful
completion of the task.

Mathematical Expression of the Problem

SE,\V/ T2y 2-149)
Applicable formula
Pr[s] =1-(1- Pr[rla])(l - Pr['Za]) (2-15)
Procedures
Procedure Example
1. Determine the factors required to correct 1. The malfunction involves job factors Electro-
the problem cognition (1) and Electro-repair (2) (Job
factors are identified in table 2-1.)
2. Determine the technician’s performance 2. Technician a is assigned to the problem.
index ratings in the applicable job factors Applicable performance index ratings are:
EC(1) = .82 ER(2)=.79
3. Substitute the technician’s performance 3. Pr[s] =1-(Q- Pr[r]a])(l - Prl"a“

index ratings into the formula and compute
the probability that the technician can
correct the malfunction

Pls] =1-0-.8)(1-.79 : !
=1 - (18)(.21)
= 1-.038 ‘
= 962 ’

Example 2-4. Parallel Task for Two Technicians

Task Description

The sample task involves job factor 3 (Inspection). The task is performed by techni-

cians a and b, and satisfactory performance by either technician will result in successful completion of the
task.

Mathematical Expression of the Problem

s==r3,\V/ 13 (2-16)
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Applicable Formula
Prlil =1 - “ - P'llzllll . P'll“J’ (2-'7,
Procedures
Procedure Example
1. Determine the factors required to correct 1. The malfunction involves job factor 3 (In-
the problem spection) (Jod factors are identified in table
2-1)
.2, Determiine the technician’s performance 2. Technicians a and b are assigned to the
index ratings in the applicable job factors problem. Applicable performance index
ratings are: a = 82, b = 88
3. Substitute the technicisns" performance 3 P,M =1 . (1. 81 - 88)
index ratings into the formula and comv AT YRR
pute the probability that the technicians '”
can correct the malfunction =1-.022
= 978
254 Complex Tasks. The series and parallel formulas can be extended to larger numbers of

activities und performers, These formulas may be written in many forms. Some malfunctions may result in
a combination of the series and parallel formulas. Examples 2-5 and 2.6 demonstrate the computations
involved in complex tasks. In example 2-5 a complex task with series and parallel elements is performed by
one technician. In example 2-6 two technicians work on a complex tusk. The technicians work together on
some of the tasks and independently on others. .

Example 2-6. Complex Task Parformed by One Technician
Task Description
The sample task involves the following job factors:

) 1 (Electro-cognition)
° 2 (Electro-repair)

® 3 (Inspection)

® 4 (Electro-salety)

® 5 (Personnel relationships)

The task is performed by technician a and will be considered satisfactorily completed
if, and only if, cither (or both) factors 1 and 2 are performed satisfactorily, either (or both) factors 3 and
4 are performed satisfactorily, and factor § is performed satisfactorily.

Mathematical Expression of the Problem

311V AL, Vg WA 1g, (2-18)
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Applicable Formuls
Plsl = {10 - Pl DQ - Bl D} { 1-0-Pleg,DO-Bleg D} Pilrg ] @19)
Procedures
Procedure Example
I.  Determine the factors required to correct 1. The malfunction involves job factors EC,

the problem

Determine the technician’s performance
index ratings in the applicable job factors

Substitute the technician’s performance
index ratings into the formula and compute
the probability that the technician can
correct the malfunction

ER, 1, ES, and PR. (Job factors are identified
in table 2-1))

Technician a is assigned to the problem.
Applicable performance index ratings are:

EC(1) = .86 ES(4) = 92
ER(2) = 90 PR(S)= .79
1(3) = .82
Plsl = {1-0- 8001 - 90)}
{r-a-8)0-9}.m

= {1 - o}
{1 - c18xo8)} .19

={r-ou} {10l
= 768

Example 2-8. Complex Task Performed by More Than One Technician

Task Description

The sample task involves the following job tactors:

® 1 (Electro-cognition)

® 2 (Electro-repair)

® 3 (Inapection)

4 (Electro-safety)

S (Personnel relationships)

6 (Electronic circuit analysis)
7 (Equipment operation)

8 (Using reference materials)

21
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factor.

Mathematicel Expression of the Problem

s l'“/\ fz./\ !3./\ l'“/\ fsh /\(l6. \V) '6b)A (f7.V t-n,)/\(lg.v st) (2-20)

Appliceble Formula

Pels] = Polry,) Pley,] Polrs,) Pylrg,] Prlrgy) (21

{1-Q-PligdU - PligyD }
{1-0-Plg0 - Pl
{1-- Pl DO - PlrgyD }
Procedures
Example

Procedure

the problem ER, I, ES, PR, ECA, EO, and URM (Job
factors are {dentifled in table 2-1.) : }
<
2. Determine the performance index ratings 2. F Technician Rating
actor . b

for the technicians assigned to the job
EC

3. Substitute the technicians’ performance 3. Pls] = (.86)(90)(.82)(.92)(85)

index ratings into the formula and compute
the probability that the technicians can
correct the malfunction

The task is periormed by technicians a and b. Technician a performs job factors |
through 4, technjcian b performs job factor §, and both technicians work together on job factors 6, 7, and
8. All job factors must be performed satisfactorily for successful completion of the task, and satisfactory
performance by either technician on a particular job factor conatitutes satisfactory completion of that job

Determine the factors required to correct 1. The malfunction involves job factors EC,

= (.86) (.90) (.82) (.92) (.8%)

|

. 92
90 89
82 88 ‘
92 90 g
79 85 i
88 .86 5
91 93

94

1-(1..88)(!.-.86) 1
1-1-9)(1-93) | 3
1-(1-95)(1-94) i ¥

18} {1-09) o)
1-(05)(06)}
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®  Problem Anaslysis—Analyze the malfunction to determine the job factors involved.

®  Personnel Assignment—Select the maintenance technician or technicians to

®  Development of Probability Compounding Formula—ldentify the relationships

(.86) (.90) (.82) (.92) (.85)
(1-.0168)(1 - .0063) (1 -.003)

(.86) (.90) (.82) (92) (.85
(:983)(.994) (997

484

Summary
The probability éompounding technique is summarized as follows:

®  Multidimensional Scaling—Perform a multidimensional scaling analysis of the
equipment or system to be maintained. Determine all of the job factors involved
in all phases of corrective-maintenance.

®  Personnel Evaluation—Evaluate each maintenance technician in all of the identi-
fied job factors and develop a set of performance index ratings based on the

formula:
S UE .
JUE+ J Ul @D

NOTE:  Performance index ratings must be recomputed periodically to
to compensate for leamning that takes place during repeated per-
formances of the job factors.

perform the task, and decide how they will be assigned to the task (number of
technicians on each job factor, etc.).

between the factors involved in the task, mathematically state the requirements
for satisfactory completion of the task(s), and develop the formula for computing
the probability of successful task completion (P {s]).
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30 DIGITAL SIMULATION MODEL (ONE AND TWO MAN MODEL)

KR | introduction

The Siegel-Wolf one and two man simulation model, developed at Applied Psychologi-
cal Services, permits the simulation of maintenance or operator tasks for the purpose of predicting task com-
pletion time and the probability of successful completion. The model is capable of simulating distributions
for one, either one of two, and two maintenance technicians or operators working together. In addition to
this data, the model also provides answers to other questions such as:

®  Can an average operator be expected to successfully complete all actions required
in the performance of a task within a time limit for a given operator procedure
and a given machine design?

®  How does success probability change for slower or faster operators and longer or
shorter periods of allotted time?

®  How great a stress is placed on the operator during his performance and in which
portions of the task is he overloaded or underloaded?

®  What is the frequency distribution of operator failures as a function of various
stress tolerances and operator speeds?

®  What operator proficiency is required for the system?

®  How much time does one operator spend waiting for the other operator?
®  What is the optimum team composition?

®  How frequently is each subtask failed?

®  How cohesive is the team?

®  What is the expected time for task completion, considering an “average™ opera-
tor? A “fast” operator? A “slow” operator? Various operator combinations?

®  How can the equipment design be modified to yield improved performance?

The model may be used to predict either operator or maintenance technician per-
formance by simply identifying the personnel as operators or technicians and the tasks as operator tasks or
maintenance tasks.

3.1.1 Simulation Program. The simulation model is programmed in FORTRAN. The pro-
gram is 2972 steps long, requires 100 bytes of core, and typical problems (typically, consisting of approxi-
mately 75 subtasks and 100 iterations) are executed in 18 seconds of central processor time.

312 Model Operation. Figure 3-1 summarizes the procedures for using the model and
shows the outputs that are available. The model simulates the acts and behaviors of a maintenance techni-
cian (or operator) during the performance of a malfunction correction (or operator task performance).
As the computer simulates the performance of the tasks required for correction of the malfunction, results
are recorded indicating the areas of technician overload, failure to complete subtasks, idle time, peak stress,
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etc. For the purpose of predicting technician reliability, the prime concern is estimating the time it takes to
complete the malfunction correction. The model records the time to complete each act, or subtask in the
sequence of malfunction correction subtasks; the cumulative time for the completion of all required sub-
tasks; and the total time involved in the malfunction correction. The model is designed to predict operator
task performance or malfunction correction time on tasks requiring one and two operators or technicians,

a3 described in the following paragraphs.
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Figure 3-1. Flow Chart of Digital Simulation Moadel Operation

Note: All Output options may be exercised in the same simulation. They sre not mutually exclusive.

32 Simulation Procedure (Maintenance Technicians)

The one and two man model is used to simulate malfunction correction tasks that do
not require more than two maintenance technicians. The simulated tasks may be performed by one tech-
nician at a time, or by two techniclans working together. The procedure for using this model to predict
maintenance technician reliability is summarized as follows:

Perform a task analysis to identify the subtasks involved in the correction of the
malfunction, and prepare a sequentially numbered list of subtasks; identify the
subtasks performed by each technician separately or jointly

Prepare an input data sheet providing information about each subtask as required
for the model

Prepare a punched card for each subtask and a separate card punched to indicate
the number of subtask cards prepared

Prepare a general run information card and parameter input data cards as required
Assomble the card deck and run the model

32
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®  Graphically summarize the data by malfunction and across malfunctions (the
malfunction summaries show the estimated time to correct a particular type of
malfunction; the across malfunction data summary shows the estimated time to
repair for the system)

321 Task Analysis. A sequential list of the subtasks involved in the correction of a particu-
lar malfunction is required for the computer simulation. The list may be prepared from an available task
analysis or by consultation with individuals familiar with the steps required to correct the malfunction.
When a complete list of subtasks is not available, an in-depth task analysis must be performed to determine
all of the steps required to correct the malfunction. The subtasks are then listed sequentially and all inter-
relationships noted. A sample of a subtask list is presented in table 3-1.

Table 3-1. Sample List of Subtasks

Task: Repair Filter on ANJURC-35

ubtask Description Subtask Description
umber Number
1 Open drawer (AM-3007) 29. Remove old capacitor
2. Defeat interlock switch 30. Remove old choke
3. Key handset to check power 31 Install new capacitor
4 Check power meter 32. Install new choke
5 Adjust APC on module and 33. Solder wires on new capacitor
check meter 34, Solder wires on new choke
6. Tum off power at set 35, Check choke with chmmeter
7. Test pin 2 with chmmeter 36. Read chmmeter
8. Read ohmmeter 37 Check capacitor with ohmmeter
9. Manual lookup 38. Read ohmmeter
10. Test pin with ohmmeter 39, Repair successful?
11. Read ohmmeter 40. Repair unsuccessful?
12 Remove cable 1A2J21 on 618 41, Walk to bulkhead and back
13. Manual lookup 42, Turn on power at bulkhead
14. Test pin with ohmmeter 43. Turn on power at set
1S, Read ohmmeter 4, Turmn Tune-Operate SW to tune
16. Remove filter box 45, Read meter
17. Test for open coil with ohmmeter 46, Remove screws from AM-3007
18. Read ohmmeter 47, Pull AM-3007 out to lock position
19. Fill out requisition form for parts 48. Adjust APC Adjust on module
C39 and L10 49, Replace plugs and screws on filter
20. Walk to bulkhead and back box cover
21, Turn off power at bulkhead 50. Lock chassis
22. Pull out chassis from 618 51, Push in chassis
cabinet 52, Untilt chassis
23. Tilt cabinet upward 53, Replace chassis
24. Unlock chassis 54. Replace filter box
25. Remove chassis 5S. Replace cable 1A2J21
26. Remove plugs and screws from + 56 Close drawer (AM-3007)
filter box cover §7. Replace screws in AM-3007
27. Unsolder wires from capacitor 61. Decision
28, Unsolder wires from choke 62, Fill out failure report

— e s i




322 Input Data Sheet Preparation. After completion of the task analysis and preparation of
the list of subtasks, enter the subtasks on the input data sheet, and fill in the required input data in the
appropriate columns. A sample input data sheet is shown in figure 3.2. Table 3-2 provides a step-by-step
explanation of the data required in each column of the input data sheet.

Table 3-2. Input Data Sheet Preparation

Variable Required Input Data

Task Type Enter D for a decision subtask. The mode] will simulate a choice or decision
Essential made by the technician. The probabilities of the next task (i.e., success or failure)
are not affected by operator factors (i.e., stress) for decision tasks.

Nonessential Entes N for all subtasks that are not essential to the successful completion of the
malfunction correction. This information allows the computer to ignore non-
essential subtasks during very urgent conditions.

Precedence Task Any subtask which must be completed by a second technician before this
subtask is attempted by this technician.

Precedence Time Time before which this subtask cannot be started.

Next Success Identifies the number of the subtask that the technician is to perform next if he
succeeds on the current subtask. If the current subtask is successfully completed,
the technician will proceed to the next specified subtask. All subtasks thus can

cause program branching.

Identifies the number of the task that the technician is to perform next if he
fails the current subtask. In the example, subtask 1 follows subtask 39 if the
technician was unsuccessful in repairing the malfunction. Thus, all the trouble-.
shooting subtasks (1 through 18) will be repeated. In the decision subtask 40,
the technician decides if he was partially unsuccessful with the repair. If so, he
will loop to subtask 19 and redo all the repair acts (subtasks 19 through 40).

T R I .

Average Time The average time, in seconds, required by the technician performing this subtask.
There are several sources for such information.* If the average time required is
not provided in the literature, then referrals to knowledgeable people and/or
timing technicians as they perform the behaviors over several occasions (and
averaging the values) will provide the required data. There are no time entries
for decision subtasks.

A b KA 7 Aot R

Time Deviation The average standard deviation taken around the T. for the average operator.

These data are also taken from standard sources. §

Success Probability The probability that the task will be performed successfully and, therefore, that
the “Next Success” task will be performed next.

MBP o o A= ar e o £,




Table 3-2. input Data Sheet Preparation (Continued)

Variable Required Input Data
Time Remaining The time required to perform all remaining essential subtasks (including the
—Essential current one) at average execution times, assuming no failures. Calculate TiL

by starting with the last subtask. Enter its t.. in the TE columin. Continue up the
subtask list until the first one is reached by adding the t;; for cach subtask to
the T for the preceding subtask. Notice that m figure Ji 2 the T; recorded
nlongslde a decision subtask is the same as the T“ for the immedmely following

subtask.
Time Remaining The time required to perform all remaining nonessential subtasks (including
- Nonessential the current one) at average exccution times, assuming no failures. Calculate

these values by entering the t,; alongside the last nonessential subtask, continue
entering this value until the ngxt preceding nonessential subtask is reached, add
its 1, to the value that is being repeated, and continue until the first subtask is

reac ed.

B e
[

* Munger, SJ., Smith, R.W., & Payne, D. “An index of electronic equipment operability: Data store." Pitts-

burgh: American Institute for Research, 1962.

323 Calculation of Essential and Nonessentisl Tfmc Remaining. In order to complete the
required entries for the subtask data card, card type 3, Th and T (the time remainin, é for completion of
essential and nonessential subtask elements) must be ulculated by l{and The symbol T denotes the length
of time in seconds the technician “j™ expects to use to complete the remaining essem al subtask elements
“i" in a mission. TiN denotes the length of time in seconds the technician expects to use for completion of
the remaining nonessential subtask elements in the mission. This time includes the current subtask element
in each case. The two values are calculated independently. The procedure for calculating T and TT are
presented in the following paragraphs.

2231 Time Line Drawing. Except for very simple tasks, a time line drawing should be pre-
pared to facilitate the calculation of the TE and T values. A hypothetical sample mission is presented in
table 3-3, and its corresponding time line dnwing is shown in figure 3-3. Table 3-3 includes only those
data elements required to determine T‘l;‘ and T}: values. The following notes and conventions apply to the
time line drawing shown in figure 3-3.

®  Times used are average subtask execution times (Tﬁ).
®  No random effects are considered.

®  The top line in the drawing applies to technician 1. the lower line to technician 2.
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Figure 3-2. Sample Input Data Sheet
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This drawing is not to scale in time, but zero time starts at the left and when
the two technicians are at the same point in time. A vertical line shows this
synchronization and an encircled number shows the time, in seconds, at that
point, It may be desirable to prepare the time line drawing to scale if the draw-
ing is to be used for presentation or other study purposes, but is not required for

calculation of T"jsmd Tgvalm.

A doudle horizontal line for a technician indicates that the technician is waiting
for another technician due to a specified dij value.

The shaded semicircle, between tasks 2 and 3 for technician 2, indicates that
technician 1 cannot begin his task 4 until technician 2 completes task 2. There
is no waiting required because technician 2 will normally finish task 2 before
technician | starts task 4.

The average duration of Ul waits must now be calculated. They are shown
above the double horizontal lines in paventheses. The first (lefR most) value is
the sum of technician I’s tasks | and 2 (8.6). The next wait is the length of
task 1 for technician 2 (5.0), the third was determined to be the difference
between completion of task § by technician | and completion of task 3 by
technician 2 =25.7-(13.6 +20+4.2) =59,

@

1
OPERATOR 1 '

OPERATOR 2

«@» TIME (NEED NOT BE TO SCALE)

Figure 3-3. Sample Time Line Drawing
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Table 3-3. Sample Hypothetical Task

Operator . N E
1 1 0 6.5 Yes 2.1 318

2 0 2.1 Yes 21 283

3 1 3.8 Yes 2 18.2

4 2 6.2 Yes 2.1 144

S 2 2.1 No 21 8.2

6 2 8.2 Yes 0 8.2

2 1 2 50 Yes 4.2 189

2 2 20 Yes 4.2 139

3 2 4.2 No 4.2 119

4 ) 6.0 Yes 0 6.0

2232 Cakulation Method. The general rule for calculating Tifmd r§ is as follows:

Start at the end of the mission and add T;; values successively, taking waiting times and essentiality into
account. With no waiting time, the calculmsn for essential tasks is:

E
1§+|J'Tij*fij @3-

For nonessential tatks with no waiting time, the calculation is:
N —
™ L= T8 (32

Table 34 presents a running account of Tgand Tg' calculations for the sample task presented in table 3.3
and figure 3-3.

Checks: Sum of execution times for operator 1 289
Wait for operator | 50 .

. Total 339

Ti%* Ti?for operator 1 339

Average completion time for operator 1 339

Sum of execution times for operator 2 17.2

Wait for operator 2 14.5

Total 317

TiE + TiN + initial wait for operator 2 3.7

Average completion time for operator 2 g

In the event of a decision (branch), the TE values should be calculated for all tasks
following the branch first; then these times are multiplied by the probabilities for the respective branches
and the products are adued. This yields a single value to which the next earlier ‘ij can be added to Jdeter-
mine the T& for the task preceding the branch. T{;‘ is treated similary.
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Values of TF and TP' are used in the method only for calculating stress. Since these
values are cumulative, a calculational error results in TF values which are incorrect thereafter. Accordingly,
double checks during the process are justified. For long tasks. in which T& values for carly tasks are large,
an error would result in only a small error in stress. For example, if the time allotted were S0 minutes
(3000.0 seconds) and thevalue of T5 for the first task was 2400.0, the stress would be 1.25 at the begin-
ning of the mission(3000/2400). If, by error, TF was calculated to be 2410, the stress would be 1.245, an
error of 0.008, resulting in little effect on execution times.

Table 3-4, rf and 7’0’.’ Calculations for Sample Tesk

Technician Task Ti? 'l‘ir]?l Comments
1 6 8.2 0 Last essential subtask for technician | ~T§ is the same as fld
2 4 6.0 0 Last essential subtask for technician 2—Tij is the same as iij
1 5 8.2 21 Nonessential subtask Tif‘unchmged from subtask 6
1 4 144 | 21 Essential subtask~Tf = 8.2 + 6.2~Ti?unchwged
1 3 182 | 21 Essential subtask~T§ =144+ 3.8-—T};‘unchanged
2 3 119 4.2 Nonessential subtask during an essential waiting period of
59 seconds—'l‘i‘j': =6.0+59
2 2 | 139 | 42 | Essential subtask-TE=11.9 + 2.0-TH unchanged
2 1 18.9 4.2 Essential subtask~Tir =139 + S.O—Tij unchanged
1 2 253 | 21 | - Essential subtask including a waiting period--TiFj‘ =18.2+
2.1 +5.0-T unchanged
1 1 318 | Essential subragk -TH:= 25.3 + 6.5-T}) unchanged
324 Punched Card Preparation. Six types of punched cards are used in the computer

simulation. These cards are designatcd Types O through 5, as shown in figure 34. Instructions for the prep-
aration of cards 1 through 4 are presented in the following paragraphs.

2247 Information Cards. The task and parameter inputs are preceded by information
inputs that supply data on the general conditions of the run. The information cards are as follows:

®  Card Type 1 - General information card provides run instruction codes
®  Card Type 2 - Number of Subtasks Card

Gard punch instructions for the information cards are presented in table 3-5.
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Figure 34. Card Deck Layout
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Table 3-5. Praparation of Information Cards, Types 1 and 2 (Format 15)

e

Card Type and Card
Synibolic FORTRAN ar Contents Remarks
Name Colunins

Card Type 1: General information card

NUMTRL 1- 5 Run number Run identifier

NUMRUN 6-10 Number of runs

NUMIT 11-15 Number of iterations Per run (Symbol “N"™)

IND ] 16-20 Random number count Number of times random number
generator subroutine is called
before run starts

IND 2 21.25 Type of output for first 0 = run summary etc.

ICHG iterations (ICHG
defined below)

IND 3 26-30 - Subtracted from IND 2 after
ICHG iterations

IND 4 31.35 Unit of time value =1

IND S 36-40 - 0 = hours

1 =seconds
2 = minutes

ICHG 445 - Nutber of iterations before
changing type of output

Card Type 2:

NINPC 1-5 Total number of mission input data (subtask) cards included in

the run and the sum of the last task numbers for both operators

3242 Subtask /nput Dats Card. Using the input data sheet, prepare a subtask input data

card (card Type 3) for each subtask listed. A limit of 300 subtasks for each technician has been established
for the simulation model; do not exceed this limit. The content and format of the subtask input card is
outlined in table 3-6. Table 3-7 provides an explanation of the data items included on the subtask input

data card.

3243 Parameter Input Data Cards, Prepare one parameter input data card (card Type 4) for

each technician.

Four parameters are provided to the model on input cards in the format shown in
table 3-6. A pair of cards, one card for each technician, is supplied for each computer run desired. A run is
composed of the simulation of N task performances (iterations). The contents in table 3.5 are as follows:

Stress threshold - The stress threshold is considered the technician's “breaking
point.” The model's simulation is based on the psychological concept that time
stress organizes behavior up to a threshold point and disorganizes it beyond that
point. Stress is calculated as the ratio of the average time to complete the re-
maining essential subtasks to the total time remaining to the technician. A value

N
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of stress greater than unity but less than the threshold will increase the tech-
niclan’s speed and success probability. At the threshold, the effect of stress is
reversed, simulating disorganization and confusion of the technician.

®  F factor - The F factor for each technician is an individuality indicator repre-
senting technician speed or proficiency. An average technician is given an F
factor of unity; faster and more proficient technicians have lower values; slower ;
and less proficient technicians have higher F values, =

®  Time available - The total time available to complete the tagk is a time limit.
This value is employed as the interim of task success. :

®  Period - The period refers to the period of time applicable to cyclic subtasks. A
cyclic subtask is initiated only at a time that is a multiple of the period, P. The
simulated technician waits, if necessary, until such time occurs.

Table 3-7. Preparation of Subtask Input Data Cards

Duta Item Description
Operation number Operator designation (1 or 2)
Subtask element number Sequential task number (1 through 300)
Type of subtask element Type J:  Joint subtask-Performed simultane-
ously by two technicians

Type E:  Equipment subtask-Causesa delay due
to a factor other than technician per-
formance

Type D:  Decision subtask-Allows for looping,
skipping, or branching in the perform-
ance sequence i.e.: the next subtask is
selected according to the results of the
task being performed.

Type C:  Cyclic subtask-A subtask that cannot
be started until the next cycle time in
a series of equal time periods.

Essentiality indicator Identifies optional items

Subtask element precedence Identifies the subtask element that must be com-
pleted by the other member of the team before
this subtask can be started

Time precedence Indicates waiting time from the start of the malfunc-
tion correction process before this subtask can be
started

i i

313




Table 3-7. Preparation of Subtask Input Data Cards (Continued)

Data Item

Description

Next subtask element success

Next subtask element failure

Average time
Time deviation

Probability of success
Time remaining, essential

Time remaining nonessential

Special jump subtask element type

Next subtask element for j, special

Next subtask element for j’ special

Job activity group

Indicates the next subtask to be started if this sub-
task is successfully completed

Indicates the next subtask to be started if this sub-
task is failed

Average execution time for this subtask

Average standard deviation of subtask execution
time

From task analytic data; use extent data banks

Sum of time for remaining essential subtasks—
calculated after other inputs are prepared

Sum of time for remaining nonessential subtasks—
calculated after inputs are prepared

The special jump subtask type |1 enables both tech-
nicians to jump to an individually specified subtask
if one of the technicians ignores a given subtask. If
a subtask, so identified, is ignored, technician j will
go to NXTJ (1, J) for his next subtask; his partner,
technician j, will go to NXTJP (1, J).

Special jump subtask type 2 provides a team deci-
sion capability to the model. If a subtask, so iden-
tified, is a success, technician j will go to NXTS
(1, T) for his next subtask. If the subtask is failed,
technician i roes to NXTJ (1. J) and his pertner,
technician j', goes to NXTP (1, ). Thus, one tech-
nician can make a decision which will determine
the future sequence of subtasks for both technicians

Indicates next subtask if this subtask is being per-
formed as a specisl jump subtask

Indicates next subtask for the other technician in-
volved in a special jump subtask

Identifies the task associated with this subtask
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Table 3-8. Content and Format of Parameter Input Data Cards

3 {Card Type 4)
. Symbolic Card
FORTRAN Columns Format Content Symbol Remarks
Name 0
J 1 §] Technician number j lor2
ISTRM ()) 211 F10.0 Stress threshold M; M;>19<28
SPEED (J) 12:21 F100 F factor Fj Fj <1: faster
F. >1: slower
TMAVA() | 2231 | F100 | Time available T, | Time remaining
HPRD 1)) 3241 F10.0 Period l’j Period for cyclic tasks 9
(seconds)
JOT (J) 43 n Job technician type 0. None of the following
1. Electrician’s mate
2. Electronic technician
3. Fire control technician
4, Interior communicationq
electrician
: S. Radarman
t 3 6. Radioman
‘ 7. Sonar technician
t 8. Torpedoman’s mate

33 Results of Computer Simulation

i

The computer simulation model produces a variety of data which is typically recorded
on magnetic tape for subsequent printout on a high speed line printer. The categories of results available are
summarized in table 3-9. The probability of successful completion of mission tasks can be obtained by
analyzing the computer printouts.

33.1 lteration Summary. Figure 3-5 shows a portion of the iteration summaries for the
sample task that was presented in table 3-1. The iteration summaries contain the following data for each
simulated technician:

®  The input stress threshold

®  The input speed (proficiency)

®  The total input available time
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®  The difference between the available time and the actual time used

®  The time spent waiting for the other technician (two technician case only)

®  Subtask on which the peak (maximum) stress occurred and the peak stress level

reached

©®  The stress level of each technician at the end of the simulation

®  Team cohesiveness at the end of the simulation

®  Time spent waiting for a given equipment cycle

Table 3-9. Computer Simulation Results
Title Frequency Remarks
Detail listing Every subtask Optional, 1 line per subtask
Iteration summary At end of each Optional, 7 lines per iteration
iteration iteration
Run summary At end of run 9 lines plus 8 frequency
distributions for each technician
211 Malfunction Correction Time Prediction. The iteration summaries provide the data

needed to predict the time it will take the technicians to correct a given malfunction. The procedure for
using the iteration summaries to predict total malfunction correction time is shown in figure 3-6 and

described as follows:
°

Prepare a frequency distribution of the total time used data for each iteration
Convert the frequency data to cumulative proportions (stated in percent)

Plot the cumulative percentages against time and draw a line of best fit on the
plot

Draw a horizontal line from the line of best fit to the SO percent point on the
ordinate of the graph.
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Figure 3-6. Predicted Malfunction Correction Time

The plot shown in figure 3-6 shows separate data for technicians 1 and 2. The data shows that technician 1
is a “fast™ (F = 0.9) technician, and technician 2 is a “slow™ (F = 1.1) technician. The predictions obtained
from figure 3-6 are: o

®  Fifty percent of the malfunction corrections performed by technician 1 will be -
performed in 2280 seconds or less. : :

®  Fifty percent of the malfunctions performed by technician 2 will be performed
in 2330 seconds or less.

®  The range of malfunction correction times for technician 1 will be from 1925 to

, 2425 seconds. |
®  The range of malfunction correction times for technician 2 will be from 2145 to l '
' 2425 seconds. o
33.2 Run Summary. Figure 3-7 shows a run summary for the sample task. The run summary
‘. : contains the following data:

e Run number (1)

O R

®  Total number of iterations performed (100)

®  Number of successful iterations (41)

R L SE

E ®  Percent successful iterations (41.0)
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Time available, 'I‘j (2409.00)

The following data are listed for each operator or technician (the results of
operator ! are presented in this case since the malfunction correction is a uni-
technician function):

Operator number (1)

Stress threshold, Mj (2.30)

Speed factor, Fj (1.00) "

Time available, Tj (2409.00)

Average time used over N iterations (3565.33)

Average time overrun, i.e., time used-time available (1156.33)
Average waiting time (0.00)

Average peak stress (2.88)

Average final stress (1.77)

Average cyclic waiting time (0.00)

The following frequency distributions are displayed and values presented for
each subtask and for each operator/technician.

Subtask number
A count for the number of times that subtask was the last one completed

before finishing the iteration or running out of time. The last subtask, 62,
was the last subtask completed 41 times.

A count of the number of times a subtask was failed

A count of the number of times a subtask was ignored

The time spent in repeating subtasks that were failed

A count of the number of times the peak stfess occurred on each subtask

The average time, from the beginning of the matfunction correction, that
the subtask was completed

The average stress prior to beginning each subtask

Average cohesiveness value on each subtask
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The data provided by the run summary may be employed as a basis for gaining insight
into areas for redesign so as to decrease maintenance time. For example, subtasks involving large times may
be considered for redesign or for training emphasis. Similarly, subtask yielding high failure frequencies may
be considered for special treatment. If the malfunction correction method is revised, the revision may be
analyzed through the computer simulation method to indicate the extent of the reduction in estimated mal-
function correction time brought about by the revision,
k¥ ) Summary of Use of Computer Simulation Technique

The steps involved in applying the computer simulation method for estimating time to
repair for a given electronic system are:

® For the system under consideration select a representative and adequate sample
of the malfunction correction situations

®  For each malfunction correction in the sample, prepare a sequential list of the
! subtasks involved in malfunction correction

®  Prepare the input data for each malfunction
®  Run each simulation for a minimum of 100 iterations
®  Graphically summarize the data by malfunction and across malfunctions

®  The across malfunction data summary yields the estimated time to repair for the
system

s Simulation Program Data

Program data for the digital simulation one and twa technician model are presented in
the appendixes. These data are identified as follows:

®  Defintions of the variables in the computer simulation program are presented in
appendix A.

®  The program listing for the simulation program is presented in appendix B.
®  The program flow charts are presented in appendix C.
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4.0 INTERMEDIATE SIMULATION MODEL (1SM)

41 Intreduction

The ISM, also developed at Applied Psychological Services, provides digital simulation
of task performance involving 4 to 20 performers and permits the calculation of Human Reliability (HR),
Equipment Reliability (ER) and System Relisbility (SR) factors, Human Availability (HA), Equipment
Availability (EA), System Availability (SA), Human Mean Time to Repair (HMTTR), Equipment Mean
Time to Repair (EMTR), and System Mean Time to Repair (SMTTR).

The [SM predicts the time required to complete the simulated task and is capsble of

predicting the effect of changes in a given variable on HR, ER, or SR. Using inputs for a specific equipment
or system, the ISM provides answers to such questions as:

®  What is its ER?

®  What is its HR?

®  Which components of ER contribute most. to unreliability?

®  Which components of HR contribute most to unreliability?

®  What changes in equipment will lead to an increase in ER?

®  What personnel changes will increase HR?

®  What behavioral variables contribute most to HR?

®  What part does ER and HR, respectively, contribute to SR?

®  What system design changes will best contribute to an increase in reliability?
®  How does crew proficiency affect HR? SR?

®  What are the effects of such items as motion sickness, fatigue, morale, level of
aspiration, etc., on HR? on SR?

411 Advantages of the ISM. The advantages of the ISM over the smaller (1 to 2 technician)
model are listed in tables 4-1 through 4-4.

Table 4-1. Personnel Parameters

Characteristic Small Model Intermediate Model (ISM)
Quantity 1 or 2 men 3-20 men

groups

group leader
Categories/ primary/secondary specialties
type 10 personnel specialties and

cross training
command echelon
41
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Table 4-1. Personnel Parameters (Continued)

lChancteristic Small Model Intermediate Model (I1SM)
Goals goal aspiration aspiration
leaders expectation
performance adequacy
Physical physical workload
Attributes motion sickness
hazard (safety index)
sleep
physical incapability (sickness)
physical workload
Performance stress and stress competence
Attributes thresholds fatigue
cohesiveness pace
individuality (speed) stress and stress threshold
factor mental load
unmanned station hours
Table 4-2. Mission Parameters
Characteristic Small Model Intermediate Model (ISM)
EComposition 1-300 tasks 200 events per day of 30 types
Duration minutes-hours hours to 30 days
mission time limit shifts
Environment sea state
Elements essentiality essentiality
(tasks) types (joint, types (scheduled, emergency,
equipment, decision, repair)
cyclic)
precedence (task and precedence (task and time)
time)
execution time performance time
success/failure fixed and variable event times
determination
waiting, idling mixed and variable event times
success probability touch up or repeat
time remaining completion time limit
4-2
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Table 4-3. Equipment Parameters

Characteristic Small Model Intermediate Model
Quantity 30 types
Capability equipment tasks failure and generation of re-
pairs .
operator initiated failures
Performance/ failure rates
Status up time
down time
performance level
consumables levels
Table 4-4. Output Messurements
Characteristic Small Model Intermediate Model
Mission Effec- mission success system reliability level
tiveness probability
performance system performance level
repetitions equipment performance effi-

Time Utilization

Personnel

Report Frequency

peak stress tasks
mission duration

tasks failed, ignored

average time used

waiting time

average time overrun

peak and average stress

number of tasks and last task
completed

goal aspiration
performance
average cohesiveness

task. mission, iteration, and run
summary

ciency
system global effectiveness level
consumables balances
equipment and human MTBF &
MTTR

success, idle, sleep. repair
no. of events, success, fail,
ignore, primary. secondary

performance adequacy
physical and mental load
health and safety indices
performance

event, day. mission iteration,
and run’summary

412

Flow Logic Sequencing. Figure 4-1 provides a summary of the flow logic sequencing

for the model. The detailed logical flow diagram of the model is presented in appendix C. Figure 4.1 is
compatible with the detailed flow chart presented in appendix C. Key points in the model are identified
by circled lowercase letters in figure 4-1 and in the flow diagram in appendix C; the point identified by a
particular letter in figure 4-1 is identical to the point identified by the same letter in appendix C.

4.3
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42 Input Data
-
i %

Each item of input data including other working variables in the input subroutine used
in the model is defined in table 4-S. Table 4-5 gives the range and the average values for each input data
item where applicable. The ‘‘Remarks" column of table 4-5 provides other pertinent data such as the unit
: of measure for quantitative items.

Table 4.8, Input Deta

FORTRAN Deacription Range Average Remarks

; AASP Average aspiration 510 9
. 2 ACP Average crew pace 5-1.5 1.0
k¢ ADUR Average duration of scheduled event | .001-24 - Time in hours and
3 ks hundreds
1 APST Average psychological stress 20-2.6 23
; g threshold
i b ART Average repair time 0-24 - Time in hours
i y ASD Average standard deviation of repair | 0-999 -
1 ASDE Average standard deviation of 0-24 Time in hours
: E emergency
: I BE Effectivity of stress 510 9
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Table 4.5. Input Data (Continued)

FORTRAN Description Range Average Remarks
CALRY Number of calories required by
average crewman per day 2000-3500 2750
CN Catnap length dto?2 3
DTE Duration time of emergencies 0-24 Time in hours
DTR Duration time of repairs- 0-24 Time in hours
EDCV Data change value 0-10 -
EMREVT Emergency event data set
EQREVT Repair event data set
ICLASS Class 1.20
IDES Description array
IDS Number of duty shifts
1EC Expected energy consumption 0-1000 250 Calories per hour
1IECE Expected energy consumption for 100-1000 250 Calories per hour
emergency
1IEDC Data change variable 0-10 -
IEFN Family number 1.20
IESS Essentiality 10-100
IESS Emergency essentiality 0-100
IET Essentiality threshold 0-99 70
IETYP Event type number 0-20
IFOIL Event number in family 0-200
IH Event hazard class 19
IHE Event hazard class (emergency) 1-§
IND Printout option indicator array Oorl 1
INT Event code lorl
IPE Prerequisite event 0-200
1QR Equipment list 1-10
IRC Consumable rate of expenditure 0.9999 -
units/hours)
IRC Consumable rate of expenditure
(units) 09999
IRCEI Consumable rate of expenditure
(units)—emergencies 0-9999
IRE Number of repair events 0-200
Kl Physical capacitation fraction 010 75
K7 Derating constant S1.0 9
KE Event end type lorl
KON Initial level of consumables
(units/hours)
KONI Initial level of consumables (units) | 0-9999
KONT Threshold consumables
{units/hours) 09999
KONT1 Threshold consumables (units) 0-9999
LODM Mental load 9
LODME Mental load for emergency 1-9
MAXSL Maximum sleep 4.12 8
MEN Crew composition array 0-10

4-8
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Table 4-5. Input Data (Continued)

FORTRAN Description Range Average Remarks
MP! Average number of man days per
incidence of physical
incapacitation 0-120 30
N Number of iterations 1999 20
ND Number of days 1-100
NDBE Number of days between emergencies|0-1000
NDMAX Maximum number of days 1.30 5
NDS Duty shift
NIF Number of family . 1-10
NIQR Equipment used array 1-10
NOSE Number of scheduled events 1-200
NREQ Number of men required by type 0-10
NREQE Number of men required by type
for emergency
NX Next event number for each
alternative 1-200
PID Average duration of physical
incapacity 0-30 3 Time in days
PPFQ Percent fully qualified in primary
specialty 0-100 25
PPMQ Percent moderately qualified in
primary specialty 0-100 50
PPUQ Percent unqualified in primary
specialty 0-100 25
PRB Probability of each alternative path  |0-1.0
PTT Cross training probability table 0-1.0
PWRRT Average short term power output 200-500 350 Calories expended
RELH Equipment reliability 0-1000 Time in days
RELI Intermittent reliability 010
RTU Repair touchup code 1.3
SESTA Sea state 09 3
SIGWT Standard deviation of body weight  ]0-50 15 Deviation in pounds
SLEEP Number of hours since last eight
hour sleep period 0-20 4
SPFQ Percent fully qualified in secondary
speciality 0-100 25
SPMQ Percent minimally qualified in
secondary specialty 0-100 S0
SPUQ Percent unqualified in secondary
speciality 0-100 25
ST Earliest starting time allowed 0-24 Time in hours
TFAT Fatigue threshold .10-35 .25
TL Time limit by which event must be Time in hours
completed 0-24
TS Consumable threshold set identifier
(units/hours) 09999
TSI Consumable threshold set identifier
{units) 0-9999




Table 4-5. Input Data (Continued)

FORTRAN Description Range
TSE Threshold set for consumables below
which event is ignored (units/hours)|0-9999
TSEl Threshold set for consumables below
which event is ignored (units) 0-9999
TSR Threshold set for consumables below
which emergency is ignored
(units/hours) 0-9999
TSR1 Threshold set for consumables below
which emergency is ignored (unms 0-9999
TUl Intermittent reliability 0-1000 Time in hours
WORK1 Number of hours worked after which
TR no new work assignment is made  |4-20 16
i WORK2 Number of hours worked after which
: no new work is authorized 4.16 10
wT Mean body weight 1-300 150 Weight in pounds
%PC Physical capability constant 0-100

Use of the ISM

The model is designed to simulate a complete equipment or system mission or cruise
cycle. The input data is used to simulate system operation, operator performance, equipment failure, and
the performance of maintenance technicians during repair procedures. The procedure for using this model
is summarized as follows:

43

®  Perform an analysis for each task involved in the complete cycle and prepare a
sequentially numbered list of subtasks for each task

Develop other input data as outlined in table 4.5 and fill out input data forms
provided in appendix D

Prepare a “number of iterations™ card (format 1)

mat 2)

Prepare a tape input/number of days card (format 3)

Prepare an input parameter card using information from the input data form for
card format 4

Prepare a personnel data card using the input data form for card format §
Prepare an equipment repair data card using the input data form for card format
6

410

Prepare a Title card indicating the name of the mission being simulated (for-
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®  Prepare an emergency event data card for each anticipated emergency event
using the input data forms for card format 7

®  Prepare an event type data card for each event (from task analysis) using the
input data forms for card format 8

®  Prepare a scheduled event sequence data card for each scheduled event using
the input data forms for card format 9

®  Assemble the card deck and run the model

43.1 Task Analysis. A sequential list of the events involved in the simulated mission is

required for the computer simulation. The list may be prepared from an available task analysis or by
consultation with individuals knowledgeable in the events that occur during a mission such as the one being
simulated. When all of the events have been identified, it is very helpful to prepare a time-line diagram which
schedules the events over the duration of the mission, shown in figure 4-2. The time-line diagram must
include scheduled task performance times for each operator or technician and all idle or waiting time. Each
event is plotted on the time line, from the start of the mission, taking all relevant factors such as task
interrelationships into account.

OPERATOR 1

2| o

| @88 ) 2 !-i 68 | 14
OPERATOR 2 ‘ l

13.6

~@» TIME (NEED NOT BE TO SCALE)

Figure 4-2. Time-Line Diagram
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43.2 Input Data Forms The input data forms in appendix B show the formats for preparing
input data for card punching. The nine card formats used in the model are listed in table 4-6. In the NAME-
LIST format, data are punched sequentially in card columns 2 through 72 without regard for column
astignments. A comma separates each input number. Thus, all arrays must be completed with zeros. For
example, the cross training probability matrix must have 10 x 10 entries even in the case that there are
fewer than 10 types of personnel to be simulated.

If the simulation calls for more than one iteration, the input routine dumps all input
data, except for the parameters and personnel data, onto a magnetic tape. This tape is then read in the
subsequent iterations. A tape created in this fashion can be used to supply input for future simulations.

Table 4-6 Card Formats
Card Format Type of Data
1 Number of iterations
2 Title
3 Tape input and number of days
4 Pai-  erc
S Pers.. el
6 Equipment repair events
7 Emergency events
8 Event type data
9 Sequence data
433 Number of iterations. The “number of iterations™ card (card format 1) contains only

one line of data and indicates the number of iterations for the run.

434 Title card. The title card (card format 2) contains one ne of data punched in card
columns 2 through 72 and gives the name of the mission for identification purposes.

435 Tape Input/Number of Days Card. The tape input/number of days card (card format
3) contains two lines of data. The first line is used to select tape or card input option. When the data has
been subsequently run on the model and the simulation calls for more than one iteration, the input routine
dumps all input data except parameters (format 4) and personnel data (format 5) onto a magnetic tape
which is then read in the subsequent iterations. A tape created in this fashion may be used to supply input
for future simulations by selecting the tape option (code 000 = card option, 001 = tape option). The
second line of the card inputs the number of days in the simulated mission.

4.3.6 Input Parsmeter Card. The input parameter card (card format 4) must be punched
exactly in accordance with the format 4 input data forms, presented on six pages in appendix B. The
input data items, which are defined in table 4-5, run sequentially across the card columns with each input
data item separated by a comma, without regard for card column assignments. All arrays must be completely
filled in; if a particular item is not applicable, fill in the array with zeros. When no consumables are being
simulated, input “1” in every position in the two “initial value™ arrays and input zeroes in all of the “con-
sumable threshold™ arrays shown on the input data forms. The model provides for monitoring the level of
up to 10 selected consumables, which may be monitored on a unit expenditure basis, or monitored on a
rate of expenditure (units per hour) basis. For each group, a secondary input allows specification of up to
10 threshold levels for each consumable. The specified consumable threshold level causes the model to
ignore all tasks involving a particular consumable when the value of that consumable drops below the
specified threshold level (except for repairs and emergencies).
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4.37 Personnel Data Card, The personnel data card (card format 5) must be punched
exactly in accordance with the two-sheet format 5 input data form shown in appendix B. The input data
items, which are defined in table 4-5, run sequentially across the card columns with each item separated by
a comma. All arrays must be completely filled in. Zeroes must be used for all items that are not applicable
to the mission being simulated. The first data item on card 5 is average population body weight (WT). If a
specific system is being simulated in which the body weights of its personnel are known to differ from
those of the general population or the general military population, the mean weight and standard deviation
of that specific system’s manning tables become the input data. For all other circumstances, the mean
weight and standard deviation may be obtained from any appropriate anthropometric tabulation (e.g.,
Damon, Stoudt, & McFarland, 1966; Webb, 1964; Hertzberg, Daniels, & Churchill, 1950). ‘The cross-
training probability table provides the likelihood values of a man of each type having been crossstrained
in each secondary specialty. This table is a8 10 x 10 array which provides for the input up to 10 primary
and 10 secondary specialties. Table 4-7 is an example of a crosstraining probability matrix for 9 specialties
giving the probability of each specialist cross training into each of the other specialties. When these cross-
training variables are printed out by the program they will have been converted to the cumulative probabil-
ity format used in the processing. If fewer than 10 specialties are being considered, fill in the remaining
spaces with zeroes.

Table 4-7 Personnel Cross-training Data

1 2 3 4 5 6 7 8 9 10 11 12 13 14

10 030 005 O 030 0 0 0 0.1 0 0 0 0 0 Radar/sonar

2 020 O 0 0 025 005 O 0 003 | O 0 0 0 0 Electronics
technician

3 020 005 O 0 005 0 0 005 003 | O 0 0 0 0 Nuclear reactor
technician

4 005 O 0 0 0 0 0.10 0 003 | O 0 0 0 0 Steam fitter

5 020 050 O 0 0 0 0 0.10 003 | O 0 0 0 0 Electricians mate

6 010 030 O 0 030 0 0 0 003 | O 0 0 0 0 Gunners mate

7 010 001 002 0.08 002 010 O 0 003 | O 0 0 0 0 Boatswains mate

8 00s O 0 0 0 0 0 0 020 | O 0 0 0 0 Pharmacists mncT

9 005 O 0 0 0 0 005 0 0 0 0 0 0 0 Cook/baker

438 Equipment Repair Data Cards. An equipment repair data card (card format 6) may

be prepared for each equipment repair family identified in the task analysis. Repair event families are
divided into four categories as shown in table 4-8, with eight event families in each category. Each event
family is further subdivided into subevents. The model is limited to 12 subevents per repair event family.
(Subevents under scheduled non-repair event families are unlimited in number.)

439 Emergency Event Cards. An emergency event data card (card format 7) must be
prepared for each type of anticipated emergency event. The cards must be punched exactly in accordance
with the format 7 input data form presented in appendix D. The input data items, which are defined in
table 4-5, are punched sequentially across the card columns, with each input data item separated by
commas, without regard for card column assignments. There is no limit on the number of emergencies
which may be simulated each simulated day.
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Table 4-8 Repair Event Codes
Coge
Repair Events Number FORTRAN |
Electronic
Uses reference manuals 6 EURM
Electronic cognition 7 EC
Electronic circuit analysis 8 ECA
Electronic repair 9 ER
Electronic equipment operation 10 EO
Electronic equipment inspection 1 EIP
Electronic instruction 12 El
Electronic report 13 ERPT
{Electrical
Uses reference manuals 14 ELURM
Electrical cognition 15 ELC
Electrical analysis 16 ELA
Electrical repair 17 ELR
Electrical equipment operation 18 ELO
Electrical equipment inspection 19 ELEP
Electrical instruction 20 ELI
Electrical report 21 ELRPT
Electro-mechanical
Uses reference manuals 22 EMRUM
Electro-mechanical cognition 23 EMC
Electro-mechanical analysis 24 EMA
Electro-mechanical repair 25 EMR
Electro-mechanical equipment operation 26 EMO
Electro-mechanical equipment inspection 27 EMEI
Electro-mechanical instruction 28 EMI
Electro-mechanical report 29 EMRPT
{Mechanical
Uses reference manuals 30 MURM
Mechanicsl cognition 31 MC
Mechanical analysis 32 MA
Mechanical repair 33 MR
Mechanical equipment operation 34 MO
Mechanical equipment inspection 35 MEl
Mechanical equipment instruction 36 Ml
Mechanical report 37 MRPT
4310 Event Type Cards. An event type data card (card format 8) must be prepared for each

type of event scheduled for the mission. Input codes are given in the input data form presented in appendix
B. Additional information about the event type input data items is provided in table 4-5.

43.11 Scheduled Event Sequence Cards. A scheduled events title card (card format 9) must
be prepared for each iteration. The remaining scheduled events data shown on the format 9 input data form
must be punched on a separate card for each scheduled event.
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4312 Card Deck Assembly. Assemble the card deck as shown in figure 4-3. The input data
card are arranged in numerical sequence with multiple event data cards of the same type arranged accord-
ing to the time sequence in which they are to occur in the simulation.

s
i, BT A5 f»m%&&”‘.‘@

§ 'Y Resuits of Computer Simulation

¢ The ISM produces a variety of output data which are recorded on magnetic tape for

subsequent printout on a high speed printer. The printouts available are listed and described in table 4.9,

Lo The model provides printouts of the input data for verification. E

Table 4-9 Simulation Model Outputs

Type Type of Printout Frequency Purpose
INPUT Parameters per run Input verification
INPUT Personnel data per run Input verification
INPUT Equipment & repair events per run Input verification
INPUT Emergencies ‘ per run Input verification
INPUT Event type per run Input verification
: OUTPUT Start on mission crew data per iteration Crew rating data
. OUTPUT Failure/emerg. occurrences per iteration Simulated emergency data
g . OuUTPUT Scheduled event sequence per day Sequential listing of events
OUTPUT Detail events per event
OUTPUT End of day report per day
OUTPUT End of iteration report per iteration ?
§ : OUTPUT Run summary per run ’
! (s Various output printouts are available to present the results of the simulation. Recording and subsequent ,
printout options are selected by the input data punched on card format 4, the input parameters card. The '
; print options are given in table 4-10.
- Table 4-10 Printout Options
4 4
S Printout Description FORTRAN ; Input Codes 5
3 ; Parameter input data IND (1) Print all input data Print parameter data only
bl ] Personnel input data IND (1) Print all input data Print parameter data only
3 Equipment and repair event
i z input data IND (1) Print all input data Print parameter data only
7 Emergency event input data IND (1) Print all input data Print parameter data only
! E Event type input data IND (1) Print all input data Print parameter data only
[ Start of mission crew data IND (2) Print Don't Print
; ¥ Occurences of failures
E g and emergencies IND (3) Print Don't Print
f‘ 'y Scheduled event sequence IND (4) Print Don’t Print
, P Detail events IND (5) Print Don’t Print
. ] End of day report IND (6) Print Don't Print
\ End of iteration IND (7) Print Don’t Print
Run Summary - No option No option

s I A QG
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. Figure 4:3. Card Deck Assembly
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441 Input Data Printouts. Printouts of the input data are provided to allow the operator
to verify source data. The following input data printouts are available:

®  Parameters—The parameters ;Srimout (figure 44) provides a listing of the input
parameter data from card format 4.

®  Personnel Data—The personnel data printout (figure 4-5) provides a listing of the
input personnel data from card format $.

®  Equipment and Repair Events—The equipment and repair events printout (figure
4-6) provides a listing of the input event data from card format 6.

®  Emergency Event Data—The emergencies printout (figure 4-7) provides a listing of
the input emergency eveni data from card format 7.

®  Event Type—The event type printout (figure 4-8) provides a listing of the input
event type data form card format 8.

442 Start of Mission Crew Data. The start of mission crew data printout, figure 49, com-
bines the crew input data from the parameter and personnel input cards and provides a detailed listing of
crew conditions as they exist at the start of the simulated mission. The last line of the listing shows average
values which the model computes for the total crew.

443 Failure and Emergency Occurrences. The failure and emergency occurrences printout,
figure 4-10 (print option 3), provides the simulated occurrence of the emergency events from format 7. The
printout shows the first day in which each type of failure or emergency event will occur during the mission.
The printout also shows the sea state at the start of the mission and the amount of personnel degradation
resulting from sea sickness.

444 Scheduled Event Sequence. The scheduled event sequence data printout provides the
information pertinent to the occurrence of events scheduled for the simulated mission. The scheduled events
shown in figure 4-11 are divided into event type families, identified by numbers in the second column of
the printout. If the event involves the use of consumables, information about the applicable consumables is
provided in the next two columns (the threshold level and the number of units required for the event). The
listing indicates the next event to be started after completion of each event (next event and probability) the
event that must be completed before a particular event can be started (precedent event), the time after the
beginning of the mission that the event should be started (start time), the time within the event must be
completed (time limit), and the code for events not successfully completed on the first try: code 1 = Repeat.
code 2 = touch-up, code 3 = go to next event.

445 Detail Events. If the option to record detailed event results is taken (print option S,
IND (5) = 1), the results are recorded and printed for analysis. Included in the printout are the following
results for each event: successful/unsuccessful, men available, start time allowed, prior event requirements
time finished, event start time, event duration, event end time, unmanned hours, group stress. physical
capability, pace, aspiration, performance adequacy, hazard, consumables used and remaining, men on the
job, and each man’s fatigue, physical capacity, hours worked (cumulative), calories expended on this task,
calories expended (cumulative) hours since sleep, idle hours, hours slept, cumulative performance, and
aspiration, as shown in figure 4-12,

The printout for each event performed is concluded with data on each man who was
assigned to the event. Here, an asterisk in the LDR column identifies the work group leader.
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446 End of Day Reports. If the option to print end-of day results is taken (print option 6,
IND (6) = 1), the summarized results of the day just simulated are recorded for printout on the computer's
high speed line printer. Figure 4-13 shows a sample tabulation. The first section provides summarized event
and status information for the overall crew performance. Most of the headings shown are self explanatory.
All times are given in hours. The AVG PERF ADEQ (average preformance adequacy, third line) is 8 mean
of the performance adequacy value of all events performed. The AVG FAIL DIFF (average failure dif-
ference) is a mean, taken only for failed events, indicating the difference between performance adequacy
(PA) and the required performance level, CASP(LI) - K7. The second section shows important data sum-
wmarized by man. These results are either totals for all daily activity (hours worked, slept, idle, number of
events successfully performed), or represent end-of-day conditions (fatigve, aspiration, competence).
Aversges for all of the elements in the second section follow the individual crew member summaries and
represent daily summaries for simulated variables for the member summaries and represent daily summaries
for simulated variables for the day. These summaries include: the total number of events scheduled, events
worked, repair events, emergency events, repeated events, successes, failures and ignores, total hours
worked, time spent on scheduled and repair and emergency events, unmanned station hours, average per-
formance adequacy, average failure difference percentage of tasks failed and succeeded on first try, per-
centage of tasks succeeded on second try, and percentage of tasks ignored and repeated. Also, presented
are: the safety index, competence increase, confidence, hazard, consumable balances, maximum stress and
on which event, maximum mental load and on which event, maximum calories expended and on which
event. A summary table is presented including for each man his physical capacity, hours worked in primary
specialty, hours worked in secondary specialty, hours slept, hours idle, fatigue level, health index, average
physical workload, competence, aspiration, performance (cumulative) and number of successes, Each of
these variables is also averaged across the entire crew. A summary table of these variables is also presented
by type of man,

Eleven reliability related variables are also summarized in the end-of-day printout.
These are: Human Reliability (HR), Human Availability (HA), Human Mean Time to Repair (HMTTR),
Equipment Reliability (ER), Equipment Availability {EA), Equipment Mean Time Between Failures
(EMTBF), Equipment Mean Time to Repair (EMTTR), System Reliability (SR), System Availability (SA),
and System Mean Time to Repair (SMTTR).

These same items are given in the third section of the each of day recording as a mean
by type of man, where type is generally synonymous with work specialty.

44.7 End of Iteration Reports. If the option to print end of iteration reports is taken
(print option 7, IND (7) = 1), the summarized results each iteration are recorded for printout. Figure 4-14
shows a sample tabulation. The resulting printout contains such summary items as: number of events suc-
cessful on first and second try, number of events failed and ignored, average man hours spent in primary
specialty, in secondary specialty, hours spent sleeping and hours idle, consumables remaining, averages of
physical foad, mental load, competence, average performance adequacy, average fatigue, average aspiration,
average health, and average safety. Each of these variables is also summarized as percentage of total, average
per day, or percentage of original, whichever is appropriate. Summary by day (including an average across
days) includes: number of repair or emergency events, average man hours spent doing repairs or handling
emergencies, maximum stress, maximum mental load, confidence, hazard, average failure difference,
number of successes and unmanned hours. A summary table by day and man type is provided for the fol-
lowing variables: physical capability, hours spent on primary and secondary specialties, sleep time, idle
time, fatigue, health index, average physical work load, competence, aspiration, cumulative performance,
and number of successes. Averages for these variables across types by day are also provided.

Reliability metrics provided at the end of each iteration are human mean time between
faflure (HMTBF), equipment mean time between failure (EMTBF), human mean time to repair (HMTTR),
equipment mean time to repair (EMTTR), human availability (HAVAIL), and equipment availability
(EAVAILL). A composite reliability metric system availability (SYSAVAIL) is also provided.
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448 Run Summary. After each mission iteration, the model instructs the computer to
make a check to determine whether all required iterations have been completed, if not, the process con-
tinues to the next iteration. If all scheduled iterations have been completed, the results of all iterations

are summarized. The run summary tabulation (as shown in figure 4-15) is presented in a form similar to the
iteration summary.

45 Use of Simulation Data

The simulation model is used to measure system snd personnel effectiveness for a
given set of parameters, or to measure the result of changes in variable input items. Examples are provided
in the following paragraphs showing the effects of changes in input values for:

®  Workday length and proficiency
®  Average crew pace
®  Seastate

® Crew size

The nominal input values for these parameters are shown in table 4-11. The matrix shown in table 4.7
was used in the assignment of personnel crosstraining probabilities. This matrix presents the probability of
a personnel type with a given primary specialty being crosstrained in a given secondary specialty (the
values in this matrix were used by Applied Psychological Services (APS) to validate the model). The exam-
ples presented in the following paragraphs are based on the results of simulation model sensitivity tests
performed by APS, in which selected input parameters were varied to measure the resulting changes in
system effectiveness. The parameters tested are shown in table 4-12 and the tests are described in the
following paragraphs.

Table 4-11 “’Standard’’ Parameter Set Run Conditions

Parameter FORTRAN Value
Average psychological stress threshold APST 230
Workday, assignment limit WORK 1 varied
Workday, maximum WORK 2 22.00
Hours since last sleep at start SLEEP .00
Catnap threshold CN 1.00
Maximum sleep permitted per day MAXSL 8.00
Fatigue threshold TFAT 0.2§
Average crew pace ACP varied
Average daily calories per crew member CALRY 2700.00




Table 4-11 “Standard” Paramneter Set Run Conditions (Continued)

Parameter FORTRAN Value
Average short term power rate (cals/hr) PWRRT 440,00
Acceptable performance constant K7 1.00
Work factor constant K1 0.95
Consumable levels: (units/hr) KON(1) 15150.00
KON(2) 100006.00
KON(3) 6000.00
KON(4) 500.00
KON(5) 500.00
KON(6) 500.00
KON(7) 500.00
KON(8) 500.00
KON(9) 500.00
KON(10) 500.00
Consumable levels: (units) KON1(1) 100.00
KON1(2) 100.00
KON1(3) 100.00
KON1(4) 100.00
KON1(5) 100.00
KON1(6) 100.00
KON1(7) 100.00
KONI1(8) 100.00
KON1(9) 100.00
KON1(10) 100.00
Initial aspiration level AASP 0.85
Number of iterations N 5.00
Essentiality threshold IET 0.30
Sea state SESTA varied
Personnel Data FORTRAN Value
Mean body weight of total population wT 160.50
Standard deviation of population body weight SIGWT 20.00
% crew fully qualified in prime specialty PPFQ varied
% crew minimally qualified in prime specialty PPMQ varied
% crew unqualified in prime specialty PPUQ varied
% crew fully qualified in second specialty SPFQ varied
% crew minimally qualified in second specialty SPMQ : varied
% crew unqualified in second specialty SPUQ varied
Avg. N man days between physical incapacitations MPI 500
Avg. duration of incapacity (days) PID 5.00
Physical capability constant, a value yielding zero
Physical capability due to over exertion ZrC 2.00
Number of men by type MEN(ICE, NI) varied
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Table 4-12 Sensitivity Test Runs

Parameters Varied 1 2 3 %h' s ] 6 7 Comparison
Workday length (hours) 18 |18 [18 {12 [12 |12 18 | Average vs. long workday
Primary proficiency

1. Percent fully qualified o]l oo {90 |90 |90 0 | High proficiency vs.
2. Percent minimally qualified 10 |10 {10 {10 |10 110 10 ] low proficiency crew
3. Percent unqualified 90 |90 |90 | O J O] O |9
Secondary proficiency
I, Percent fully qualified 0] O] 0 |9 }9 |9 0 | High proficiency vs.
2. Percent minimally qualified 10 |10 {10 |10 |10 j10O 10 | low proficiency crew
3. Percent unqualified 9 (9 (90 O J O O |9
Average crew pace 1.0 11.0 1.0 [1.0 |10 [1.0 [1.25 | Average vs. slow crew
Sea state 919101019110 0 | Calm vs. rough seas
Crew size 4] 919 |14} 9] 9 9 | Large vs. small crow
451 Workday Length and Proficiency Variations. One of the many uses of the model can
be phrased symbolically as:
ANBCND

That is, the occurrence of conditions A and B is approximately equivalent to conditions C and D (in terms
of some criterion such as number of successful events). For example, an analyst might be interested in
determining whether a crew of lesser proficiency, given more time to work, would perform as well as a crew
of greater proficiency given less time. This type of analysis is illustrated in the sensitivity tests reported
here. In this aspect of the sensitivity tests, proficiency and workday length were varied concurrently. Table
4-13 presents the workday length-proficiency parameter combinations investigated.

Parameter sets 2 and 3 include a long work day with a crew of low proficiency, while
parameter sots S and 6 include a short work day with high proficiency. Comparisons between the results
from parameter sets 2 and S and betwoen parameter sets 3 and 6, accordingly, provide the desired data.

Figures 4-16, 4-17 and 4-18 present the simulation output resulting from the workday
length-proficiency variation. The first of these figures indicates an increase in the average physical workload
with the shorter workday-higher proficiency. For parameter sot 2 in comparison with parameter set S, as
well as for parameter set 3 in comparison with parameter set 6, the increase amounted to better than 25
percent. It is possible that the faster crew has to work harder during the shorter time period allutted to
them to complete the day's work and that their greater proficiency does not offsot the necessary increase
in physical labor. Parameter sets 3 and 6 indicated a much greater degree of physical load than the param-
etor sets 2 and S. This result probably, az has been noted earlier, reflects the greater number of events
ignored under adverse weather conditions.
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Table 4-13. Workdaey Length and Proficiency Parsmeter Values

for Perameter Setz 2, 3, B, and 6
Purameter Set
Parameters 2and 3 Sand 6
Workday length (hours) 18 12
Primary proficiency
Percent fully qualified 0 90
Perosnt minimally qualified 10 10
Peroant unqualified 90 0
Secondary proficiency
‘Percent fully qualified 0 9%
{Percent minimally qualified 10 10
Percent unqualified 90 0
Soa state 2 3 2 8
9 0 9 0
Crew tize 9 9 9 9
W00
90|
0
o % FLURE PARAMETER SCTS 24 8
* \J
' \uu.lﬁhﬂ:l.&xtﬂ'l
§ ¢
h o}
% SUCCESS PARANE TER
o stTe s A ¢
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Figure 4-16 presents the effects on event success and failure percentages as the result
of the workday length-proficiency variation. The percentage of event sucess incressed dramatically for the
higher proficiency crews. Analogoualy, percentage of event failure decreased with the increase in proficiency.
While the shorter workday would probably have an effect, in and of itself, prior resuits with an eartier
version of this model (Siegel, Wolf, & Cosentino, 1971) suggest that the large variations observed in event
success and failure is primarily a function of the varistion in proficiency.

Figure 4-17 presents the effect of varying the workday length and proficiency on
average ond-of-mission fatigue. No effect is indicated for the comparison of parameter sets 2 and 5. For
perameter set 3, compared with parameter set 6, a drop of approximately .07 in fatigue was indicated in the
higher proficiency-shorter workday combination. Coupled with the results presented in figure 4-18, this
suggests that while the average physical load may increase because of the shorter workday, the fatigue level
at the end of the day has actually been depressed. The higher average fatigue for parameter sets 3 and 6 is,
once again, probably reflective of the large number of events ignored during adverse weather conditions.

4862 Average Crew Pace Varistions. Figure 4-19 shows the effect of average crow
pace on event success and failure for parameter sets 3 and 7. The percentags of events increased and
the percentage of events successfully completed decreased aa average pace of the simulated crew
decreased. The percentage of events failed as a result of a 25 percent decrease in average croew (defined
a3 a slow crew) increased approximately 13 percent, and the percentage of events completed
approximately 8 percent.

PARAMETER SETS 3 AND ?

AVERASE (ACP *1.0)
AVERASE CREW MCE

Figure 4-18 Event Success and Fallure as 8 Rinction of Average
Crew Pece
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4.53 Variations in Sea State. The effect of variations in sea state on the model’s output is
lustrated in a comparison of the simulation results from parameter sets 2 and 3, and parameter sets 5 and
6. Parameter sets 2 and 3 are characterized by: long workdays, low proficiency crews, average crew pace,
and small crews. Parameter sets 5 and 6 are characterized by: short workdays, high proficiency crows,
average crew pace, and small crews. Parameter sets 2 and 5 have sea state values equal to 9 (rough seas)
while parameter sets 3 and 6 have sea state values equal to 0 (calm and glassy) seas.

The effects of variation in the sea state parameter are shown in figures 4-20, 4-21, and
4-22. Figure 4-20 shows the effect of sea state variation on the average failure difference. As anticipated,
both parameter sets indicated a larger margin between actual and acceptable performance (the failure
difference) for the rough sea state condition. The larger failure differences observed for parameter set 2
as compared with parameter set 3 suggest that, according to the model, a lower proficiency crew working a
longer worker day will suffer a significant performance degradation in rough seas and that this degradation
is higher than for the short workday, high proficiency crews.

Figure 4-2]1 presents the effects on the percentage of events successfully completed or
failed as a function of difference in sea state. Percentage of failure appears to increase significantly with
adverse weather conditions. The effects on percentage of success appear to have been greatest in the com-
parison of parameter set 2 with parameter set 3. Here, a 14 percent decrease was indicated. The slight
increase in percentage of successful events observed for parameter set 5 as compared with parameter set 6

(adverse weather conditions) (4 percent) is consistent with the prior indication of the model that higher pro-
ficiency crews working shorter workdays are less affected by the sea state.

180}

-

»

[J
T

PARAMETER SETS 28 3

H

PARAMETERSITSIS)  PARAMETERBETE BA 6

1. LONG WORKODAY 1. SHORT WORKOAY

2. LOWPROPICIENCY 2. MION PRORICHENCY

3 AVERAGECREWPACE 3 AVERAOE CRBW PACE
4 DVALL CREw 4 SMALL CREW

PARANETER SETS S 88
&

AVERAOE FAILURE DIFFERENCE
° :o‘ p -
s [.J
v g

[ ]
»
-
——

o}
[,

SEA stATE

Figure 4-20. Average Failure Difference a¢ 8 Function of
Sos State

4-37

i




ot e,

ol
w|
ol
LS
% FAILURE PARAMETER SETS 2
w0l ¢
0L
£ / % SUCCESS MAAMETER SETS 80 6
s %
- T
a
ur tsuocts;nmxmuneu
ol
0| R
% FALUNE PARAMETER SET 5 8 &
. J—
° ’
SEA STATE

Figure 4-21. Event Success and Failure s a Function of
Sea State

PARAMETER SETS 38 6

8
Y

PARAMETER SETS 243

3

AVERAGE PERFORMANCE ADEQUACY
8
L]

8
A

o

SEA STATE

Figure 4-22, Average Performance Adequacy as 8 Function
of Sea State

4-38

otag AN T g TRV RN 47 8 T SR s e

<4




A P o Y 3 e R i 0 a0t 4 e

Figure 4-22 presents the effects of varying sea state on sverage performance adequacy
(APA). Both parameter sets are in agreement. Each indicates a decrease in APA with increasing weather
turbulence. Also, as predicted, the better crew (higher proficiency) of parameter sets S and 6 demonstrated
higher APA. In summary, it appears from the average {ailure difference, percentage success/failure, and
average performance adequacy data that the model yields results which are directionally sensitive in the
anticipated direction when the new sea state variable is implemented.

4.54 Crew Size Variations. The results from parameter set 1 versus 2 and 4 versus 6 repre-
sent the effects of variations in crew size on the completion of the events in the simulated day’s work.
Parameter sets 2 and 6 include crew sizes of 9 men, while parameter sots 1 and 4 are simulations of crews
with 14 men. Parameter sets 1 and 2 both involve: long workdays, low proficiency crews, average crew
pace, and rough seas. Parameter sets 4 and 6 both include: short workdays, high proficiency crews, average
crew pace, and calm seas.

Figures 4-23, 4-24, 4-25, and 4-26 present the effects of crew size variation on selected
simulation output. Figure 4-23 indicates an increasing percentage of tasks successfully completed with
increasing crew size for both comparisons. The percentage of tasks failed decreased from 71.2 to 65.9 with

crew size for parameter sets 1 and 2, while the percentage of tasks failed for parameter sets 4 and
6 remained relatively constant. The effects of crew size variation on task performance accordingly seems to
have had its greatest impact on the percentage of tasks successfully completed. Task success percentage in-
creased approximately 10 percent for parameter sets 1 and 2 (less than optimal conditions) and approxi-
mately 15 percont for parameter sets 4 and 6 (with more optimal conditions). Increases in the number of
events falled with smaller crews seems to be coupled with less than optimal conditions. Large simulated
crews were more able to handle the increased workload.
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Figure 4-24 indicates that more idle hours and less work by crew members in their
primary proficiency accompanies larger crew sizes. Idle time was bout 20 percent greater for parameter
set 1 as compared with parameter set 2 and about 10 percent greater for parameter set 4 as compared with
parameter set 6. The decrease in time worked in primary specialty is reflective of the general decrease in
work time per crew man with increasing crew size.

Figure 4-25 shows the effect of crew size on average physical workload. Increasing the
size of the crew results in a simulation output which indicated less physical workioad per crew imember.
The difference in workioad between parameter sets 1 and 2 (less than optimal conditions) and parameter
sots 4 and 6 (more optimal condtions) reflects the greater number of events attempted (not ignored) and
successfully performed (see figure 4-23) by the simulated crew under the more optimal conditions.

The effect of variations in crew size on average hours slept is shown in figure 4-26.
With increasing crew size, the average number of hours slept increases for parameter sots 1 and 2, and
parameter sets 4 and 6. The effect is marginal for parameter sets 4 and 6. For parameter sets 1 and 2,
tely a 20 percent increase in sleep time available under the more adverse conditions (parameter

sets 1 and 2) is a function of more events being ignored.

45885 Relisbility Deta. Human reliability, equipment reliability, and system relisbility are
provided in the run summary printout, figure 4-15. The reliability data are presented on the last line of the

printout which is prepared after completion of all iterations of sach run. The relisbility data obtained
during the tests described in paragraphs 4.5.1 through 4.5.4 are presented in tables 4-14 throvqh 4-16.

Parameter sots 2 and 3 differed only in sea conditions. The sea state in parameter sets
2 snd 3 was 9 and O respectively. Table 4-14 presents the reliability values for these parameter sets.
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Table 4- 14 Overall Relisbility Metrics for Parsmeter Sets 2 and 3 *

[Parameter MTBF MTTR Availability System
Set Human Equipment | Human Equipment | Human Equipment | Availability

2 0.744 3.384 2N 20.889 0.215 0.139 0.181

3 2.226 3.367 3.06 21.339 0421 0.136 0313

Table 4-15 presents the various reliability metrics comparing the results from parameter
sets 3 and 7. These two parameter sets differed only in the assigned average crew pace. Parameter set 7
represented the siower crew. All the metric comparisons, with the exception of the HMTTR comparison,
indicate superiority for the faster crew. There was a considerable increase in system availability as the
result of manning the simulated system with a faster crew. However, again there is a reversal for the HMTTR
comparison. The present thinking relative to this reversal is the same as that discussed for the prior param-
eter set comparison. .

Table 4-15 Overall Reliability Metrics for Parameter Sets 3 and 7 *

Parameter MIBF MTIR Availability
Set Human | Equipment | Human | Equipment | Human | Equipment | Availability
3 2.226 3.367 3.06 21339 0421 0.136 0.313
7 1.649 3.536 2.86 18.130 0.366 0.163 0.283

The effect of the crew size variable with a short workday, high proficiency crews,
average crew pace, and calm seas is shown in table 4-16. Parameter set 4 includes a crew of 14 nien, while
parameter set 6 has a smaller crew (9 men).

Table 4-16 Overall Reliability Metrics for Parsmeter Sets 4 and 6 *

Parameter MTBF MTTR Availabilit System
Set Human | Equipment | Human | Equipment | Human | Equipment | Availability
4 5314 2.829 1.88 18.754 0.739 0.131 0.531
6 6.953 3.157 4.60 15.829 0.602 0.166 0441

The larger crew indicated a shorter HMTBF, a shorter HMTTR, a higher AVAIL,
and a higher system availability. Here, all numerics are in the anticipated direction with a 20.4 percent
increase in system availability resulting from the increase in crew size.

*Since this report was prepared, a number of additions have been incorporated in the model in the
calculation of human reliability, MTTR, and availability indices. Corresponding changes have also been
incorporated into the calculation of the various system metrics.
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5.0 EMPIRICAL MODELS | .

5.1 Introduction

This section describes several useful empirical models and techniques developed during i

the Human Reliability Prediction System Program. These techniques can be used to provide useful system
planning, design, and test information at several points in the system life cycle. The following tools are

described:
® lLognormal distribution models which permit the maintenance parameters of 5
systems to be estimated ' 41
® A simple regression model, called the mainienance power model, which relates ]
repair time, man-hours, and repairman experience
@ Multiple repairmen prediction models based on a matrix approach
® A flow chart maintainability prediction model which can be used in the multiple
repairman case and with PM/FL |
® A demonstration procedure which can be used with human reliability ;
These methods are generally applicable and examples are provided for several system
types.
3; In this section, a new parameter called maintenance power is introduced. Maintenance
power is the product of repair time, man-hours, and years of experience of the repairman. The average of |
this product over all repair actions provides a simple means of relating maintenance man-hours, mean {
experience, and mean repair time for any system. Maintenance power will be discussed in Section 5.3.2,
below.
' :
‘ 5.2 Lognormal Distributions of Maintenance Parametens i ;

Maintenance parameters for any electronic equipment can be accurately described by
the lognormal distribution. The one exception to this rule is the repair time for large systems. In this case,
the full set of data points is frequently bi-modal—modes are identified for distinct sets of repair times of ] 3
over and under some specific value. For large sonars this value is 10 hours. ‘ E

The following maintenance parameters are described by a lognormal distribution:

® Repair time

R IO OGN i) RS b 0 N 5

® Man-hours

e

i _ ® Maintenance power
©®  Men assigned per repair 3
®  Experience assigned per repair 4

. 51




The data in table 5-1 presents maintenance parameters for three typical electrical
equipments and one typical mechanical equipment. The distributions of repair time and man-hours are
plotted in figures 5-1 and S5-2. These examples are based on field data. Predictive models will be provided

below.
Table 5-1. Maintenance Parameter Distributions
Equipment M;;?;:::’;:e S;ril;;e)le A"S:;:“c Median 95th Percentile S[t_ig De):
Large Sonar Repair Time 237 3.22 hrs 2.30 hrs 8.88 hrs 0.357
(<10 hrs)
Repair Time 283 8.55 hrs 3.46 hrs 31.70 hrs 0.585
(all times)
Man Hours 237 5.23 hrs 3.29 hrs 16.10 hrs 0419
(<10 hrs)
Man Hours 283 19.50 hrs 13.90 hrs 53.90 hrs 0.378
(<all times)
Maintenance 283 68.10 hr-yrs | 19.40 hr-yrs 3.25 hreyrs 0.685
Power
Men
Assigned 283 1.78 men 1.63 men 3.25 men 0.182
Experience 283 3.80 yrs 3.59 yrs 6.27 yrs 0.148
Nose Landing Repair Time 82 0.74 hrs 0.70 hrs 1.24 hrs 0.149
Gear
Man Hours 82 1.51 hrs 1.34 hrs 2.96 hrs 0.209
Airbome Repair Time 108 1.89 hrs 1.49 hrs 4.65 hrs 0.300
Digital Comp. | Man-hours 108 2.72 hrs 1.89 hrs 7.67 hrs 0.369
Airborne Repair Time 108 0.88 hrs 0.72 hrs 2.09 hrs 0.280
Radio Set
Man-hours 108 1.50 hrs 1.21 hrs 3.58 hrs 0.287
Airborne Repair Time 108 1.69 hrs 1.34 hrs 4.12 hrs 0.297
Radar Set

estimated as follows:

where:

Some important properties of the lognormal distribution are shown in equations
5-1 through 5.5. If x is truly lognormally distributed. the parameters of the x distribution may be

® Estimate of median of x = geometric mean of x = Antilog [(Z log x)/n]

n is the sample size

® Estimate of standard deviation of log x = ¢

|

)|

1.1§

TOg (Mean/Median)]

5-2

n

N
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5 Hy

L ] (95th percentile) ﬁ

= (Median) exp [1.6450/0.434) (53) : ".’

J‘ ®  Mode of x = (Median) exp [0/0.434)2] (54 |

! P
®  Z=[0.434/0] [In(x/MED)} (5-5) |

Z = standard normal variate with mean equal to zero and variance 1 ¢ “

These oquations provide a convenient way to describe the distribution of the key
maintenance parameters.

g Figure 5-3 is a histogram of repair times for a large sonar. This chart clearly indicates
‘ the bi-modal nature of the repair time distribution.

R Figure 5-4 presents a plot of average experience vs. repair time and man-houss. A

: useful finding is that average experience increases with repair time. Above 10 hours, average experience

seems to decrease with repair time and man-hours, This finding indicates that more complex repair actions

(as indicated by greater repair time) have more experience applied to them. It may, however, indicate the

o reverse; that more experienced repairmen are actually less proficient and take longer at repairs. More

I experimental work is needed to resolve this issue. Sufficient funds were not available in the Human

‘- Relisbility Prediction System Program to obtain the data to draw conclusions about the curves’ behavior
above 10 hours,

83 Simple Lognormal Prediction Models

¥ 3
3" 531 Simple Maintainebility Prediction Techniques. These prediction methods make use of
coefficients derived from service-wide maintainsbility data for specific system types. Predictions can be
made for equipments at a function of repair crew size and experience. The prediction models described are

designed to be independent of one another.

B B L

o

'_3
The models are used to estimate the following important maintainability parameters:
b
;5 ® Maintenance power (man-hours and experience as a function of repair time)
F | e Distribution of repair time per repair as a function of average repair crew
experience
i @ Distribution of manhours per repair as a function of average repair crew
o experience
f g ®  Number of repairmen per repair
g ; @ Repair crew experience
! % e Annual man-hours

§ A ® Avenge number of repairmen appearing within each experience category

&5




|3
é s
| d
§ ]
. !
© ‘
: o
f w t
|
“ !
@ |
» E
»© ‘.
n ]
' 2 :
! g
1Y 3
10 .
o . 4
. | l Al l I l Il il 1
: 101820 % Py © w n w ) W M0 120 130 W0 180
REPAIR TIME
Figure 5-3. Histogram of Large Sonar Repair Time
[ L ~
: B
N
5 .
] g :J .
g
. 24
| 1
2’ 14 e REPAIR TIME
; = == MAN HOURS ;
DY) a0 v
AEPAIR TIME/MAN HOURS HOURS
Figure 5-4. Experience vs Repeir Time, Large Sonar
58
P

G i bk — el 2




The prediction method described makes use of the following items, which can be
derived by system type from service data:

®  MTTR, geometric MTTR (MTTR(;), 95th percentile repair time, standard devia-
tion of the logarithm of repair time (0p)

®  Mean man-hour (MMH), geometric mean of man-hour (MMH3), 95th percentile
man-hour, standard deviation of the logarithm of man-hour (o))

®  Average number of repairmen per repair (l—i). geometric mean of number of
repairmen per repair (K), 95th percentile number of repairmen per repair,
standard deviation of the E')prithm of number of men per repair (oK)

®  Average repair crew experience (E). geometric mean of experience (EG), 95th
percentile of experience, standard deviation of the logarithm of experience (oy;)

Each of the prediction methods is described in the following paragraphs.

3.32 Model for Maintenance Power. Maintenance power relates mean man-hours, mean
repair time (MTTR), and mean experience levels. The maintenance power applied to a repair of any given
repair time is equal to the average of the product of the experience levels (years) applied to the repair and
the time expended (hours), within each experience level, over all repairs having that repair time.

Statistical analyses of fleet repair data for a large sonar system indicate a very close
fit to a straight line equation of the form:

MP = Ry = 8Rp (5-6)

where

MP = Maintenance power

B =8 = The slope of the regression curve

Rt = Repair time

The data indicates that equation 5-6 also describes the relationship between mean
values, i.e.:

MP =8 - MTTR, or MMH E = 8- MTTR G-n

where:

MMH = Mean man-hours
E = Average repair crew experience

The second form of equation 5-6 is very useful for early system planning for trade-
off studies of maintenance man-hours, technician experience, repair time, availability, and life cycle support

cost.
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; &322 Repelr Time Diswibution Prediction. Using this model, the equipment repair time

: distribution can be estimated ms a function of average repair crew experience. The curve in figure 5-4 gives
wverage repair thwe s & function of average crew experience. This curve is limited in scope because it was
derived from just one largs sonar; however, it can be used to illustrate the method. The assumptions under-
lying the uee of this model are as follows:

©® Repair time is lognormally distributed.
\ © The standard deviation of the repuir time distribution is not affected by ]
] in average number of repairmen per repair (K) and average crew experience
It sppears reasonsble to astume that the stendard deviation is invariant across all
systems in the srvice, for any given system type (OR).
©® Experience and repair time relationships given in figure 5-4 are known.

The procedure for using the model to predict repair time distribution is demonstrated in example 5-1.

Example 5-1. Repeir Time Distribution

Task Description
First, figure 5-4 can be used to estimate the average repair time for a given average
experience level. For a hypothetical E = 4 years, the average repair time (MTTR) = 4.9 houss.

The derived repair time distribution has o = 0.585 hours. It is assumed that this value }
does not change. The other characteristics of the repair time distribution (except for OR) can be estimated -
as follows:

Appliceble Formuilas
MTTRG = Antilog [log MTTR - 1.15 oR?] (5-8)

Maximum Repair Time = MTTR; exp [ 1.645 OR/0.434 ) (59)

Procedures
Procedure Bnmpk \

I Substitute MTTR and o I. MTTRG = Antilog flog 4.9 - 1.15 x (0.585)3] .
into the formula 4

2. Compute MTTRG 2. Antilog log 4.9 - 115 x (0.585)2)
= 1.98 hours

. 3. Using MTTRg, compute 3. Maximum Repair Time

g Maximum repair time - ‘

7 (MTTRG x exp [ 1.645 0g/0.434 1) 1.98 x exp [1.645 x 0.585/0.434) |

§ = ].98 x exp 2.22

i =198 x9.18

= }8.18 hours
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&2¢ Man-hours Prediction. The distribution of man-hours per repair can be predicted as a
function of average repair crew experience. Again, use is made of a figure such as 5-4. The assumptions for
this model are as follows:

@ Man-hours are lognormally distributed. ' .

® The standard deviation of the man-hours distribution (0)y) remains the same and 1
is not affected by E and K changes. Changes in E appear to have very little effect .
on Oy; however, K do have some effect on man-hour characteristics. -
This is at least true when K values remain fairly close to the minimum required P
value dictated by the inherent maintainability characteristics of the equipment. »

|3
|

@ Total man-hours = K x (MTTR) x Number of Failures (5-10)

. The procedure for using the model to predict the distribution of man-hours per repair is demonstrated in .
= example 5-2. D]
v 1 :

T Example§2.  Distribution of Man-hours Per Repair
; Task Deecription

Compute the man-hour distribution where oy = 0.378 and average technician ex-
E perience is 4 years.

Appliceble Formulas
; !_: Median man-hours (geometric mean: MMH;) = Antilog {log MMH - 1.15 0M2] (5-11)

j | Maximum man-hours _
OSth percentlle) MG X oxp [1.645 x 0)4/0.434] (512)

Procedures
Procedure Example

1.  Estimate mean man-hours (MMH) from graph 1. MMH = 8.00 hours
in figure 5-4.

2. Compute median man-hours (geometric mean) 2. MMHgG= Antllog [log 8.00 - 1.15 o2}
= Antilog [log 8.00 - 1.15 x (0.378)2]
= 5.48 hours

‘ 3. Compute maximum man-hours (95th percentil)) 3. Maximum man-hours (95th percentile) :
.f = MMHG x exp [1.645 x 0y4/0.434) ‘, ”
1 = 5.48 x exp [1.645 x 0.378/0.434) .
! = 548 x exp [1.433)
=548 x 4.19

= 22.96 hours
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535 Prediction of Number of Repairmen per Repeir. This model is used .0 predict the h
median and maximum (95th percentile) number of repairmen El‘ repair based on knowledge uf the average
number of repairmen per repair (K). For the sonar fleet data, K = 1.78. The assumptions for this model are
as follows:
©® Number of repairmen per repair is lognormally distributed.
® oy is not affected by E and K changes. Experience with much data indicates
that this is valid. o = 0.182.
The procedure for using the model to predict the number of repairmen per repair is demonstrated in
example 5-3.
Example §-3. Repeirmen per Repair
Task Description
Given oy = 0.182 compute repairmen per repair.
Applicsble Formulss
Median repairmen per repair (K):
K = Antilog log K - 1.15 0 2] (5-13) ,
Maximum Repairmen per Repair = KG x exp [1.645 x 0)4/0.434] (5-19) v)
Procedures
Procedure Example
1. ComputeKg 1. Kg = Antilog [logK - 115 6, %)

= Antilog [log 1.78 - 1.15 x (0.182)?)
, = 1,63 Repairmen
2. Compute maximum repairmen

2. MRR= K x exp [1.645 x 0)4/0.9434]
per repair (MRR) = 1.63 x exp [1.645 x (0.182)/0.434]
= 3.25 Repairmen
45326 Prediction of Repair Crew Experience. This mode! is used to predict the median and

" maximum experience level per repair. This model is based on the following assumptions:

©®  Repair crew experience is lognormally distributed.
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® The standard devistion of the experience distribution (0p) remains constant
and is not affected by E and K changes. For the purposes of simplicity in pre.
diction, it is not unreasonable to make this assumption, ag = 0.148, from the
available data.

The procedure for using the mode! to predict experience level per repair is demonstrated in sxample 5-4.

Example 54 Experionce Level Per Repair T
Task Description
The prediction is made using the average experience level per repair (E) assumeod as the

input to the illustrative examples in this section. E = 4 years. The model permits the median experience
por ropair and maximum experienice per repair to be estimated.

Applicable Formulas
Median experience per repair (EG):
Eg = Antilog [ log E - 115 02 ) (515)
Maximum experience per repair = E¢; x exp [ 1.645 05/0.434 ] (5-16)
Procedures
1. Compute EG 1. I—EG = Antilog [ log E - l.ISaE2 ]
= Antilog [ log 4 - 1.15 x (0.148) ]
= 3.77 years
2. Compute maximum experience per repair 2. Maximum experience per repair
= Eg x oxp [ 1.645 05/0.434 ]
=377 x exp [ 1.645 x (0.148)/0.434 ]
= 6.61 yoars
537 Prediction of Annual Man-hours and Aversge Number of Repasirmen Appeering at

Each Experience Level. These parameters are very useful to logistics system planners. They provide data
for manning level and life cycle cost estimates. In order to perform these calculations, it is assumed that:

©®  Repair crow experionce and man-hour distributions have been calculated.

® Accumulated Man-hours at Experience Level E = Mean Man-hours/Man/Repair
x Men Appearing at Experience Level E.

The procedure for using the model to predict annual man-hours and average number of repairmen at each
experience level is demonstrated in example 5.5,
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Gnomple 58 Anvual Man-Howrs and Avesage Number of Ropaivmen in Eash Experionse Lovel
Task Description

Predict the ¢ distribution and plot the results as in figure 5-5. For the sxample,
E (median) = 3.77 years and E (95th percentile) = 6.61 years.
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Given data:

®  Average repairmen/repair (K) = 1.78
®  Annual operating time = $,000 hours
® MTBF = 500 houn




- Applicable Formulas
Average Annual Number of Repai
(517

Annual Operating Tlme)

';‘ - R
, 4‘ (Average Ropairmen/Repair) x MTBF

(5-18)

ual Operating Time
MTBF

Total annual man-hours = Mean man-hours x (Ann

5y Apportioned Repairmen = Percent in Experience Interval
9 X Average Total Repairmen 19

Apportioned Annual Man-hours in Experience Interval
= Percent in Experience Interval x Annual Man-hours (5-20)

. Procedures
' 1. List the ship's repair crow experience. Show 1. See table S.2

range of experiences, cumulative percent and
percent of each interval from the lognormal

plot given in figure §-5.
y !; 2. Compute average total annual number of re- 2. Average annual number of repairmen
c pairmen in repair actions using formula 517, = (AverageRepairmen/Repair) x
g (Annull Operating Timo)
§ = MTBF
| £ 1785 o0
= 17.8 repainmen in repair actions
' 3. B:‘t.l'mte the expocted total accumulated an- 3. Total annual man-hours
aual man-hours using formula S-18.
‘' = Mean man-hours x(——wlgi'"————mw ting “'“')
=80 x%-smmm
iy 3
i
R
b
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4. Use the experience distribution results (table 4. Computed for the 3 year experience interval </
5-2) to compute the average number of re-
pairmen in each experience level category a. Apportioned repairmen
(formula 5-19) and the associated number of = percent in experience interval
-h ula 5-20).
man-hours (formula 5-20) x Average total repairmen
=042x178
= 7.48 repairmen
b. Apportioned annual man-hours in
experience interval
= percent in experience interval
X Annual man-hours
=0.42 x 80.00
= 33,6 man-hours
Table 5-2. Experience Distribution Summary
Experience level
(years) 3 4 6 8 10
Range of Experience
(years) 0-3.5 3.5-5 57 79 9 or greater
Accumulative Percent T
(at upper band of
experience range) 2% 87% 96.5% 99.5% 100%
Percent for each
Interval 2% 45% 9.5% 3% 0.5%
. 528 Trade-off Relationships. The relationships presented above can be used for simple ; 1
X but efficient trade-off analyses between repair time, man-hours, experience levels, failure rates, spares 4 }
stockage levels, availability, and costs.

Basic relationships presented in this section are:

MMH -E = §MTTR (5-21) {
MTTR = f (E) (5-22)
MMH = g (E) (5-23) i
— i
: Total man-hours = K - MTTR x No. of failures (5-29) }
; K = Some known value
614
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To these can be added the following relationship from classical reliability theory:

The reliability of the ith subsystem is R(1) = ¢ )\it (5-25)
where:
A = failure rate of ith subsystem
S;stem reliability calculations are adequately covered in many standard texts.
The subsystem availability is:
1 )
()5 —— (5-26)
o
where: .
1 = repair rate of ith subsystem
The system availability is:
Ag()= A, Ay AN (5-27)
The probability of running out of spares in mission of time T fc. c2-% module type
#iis:
-NT S
el T
P(spares) = —S.—'_(_M <01 (5-28)
where:

S = number of spares

Simple equations for life cycle support costs or models such as the LOR model
(MIL-STD-1390A) can be used to relate costs to design and support system parameters. These models
and the above equations can be used to perform trade-offs.

5.4 Multiple Repairman Maintainability Prediction Mode! - The Matrix Model

54.1 Introduction. At the present time, the conventional maintainability prediction and
demonstration procedures described in MIL-HDBK-472 and MIL-STD-471A are only associated with single
man repair tasks. Also, differences in training and experience between the repairmen are not adequately
accounted for in these prediction models. This section introduces a mathematical model for maintainability
prediction that takes into consideration the effects of utilizing multiple repairmen, as well as considering
differences in training and experience.

In the single-man repair situation, the man-hours and active repair (or elapsed) time
are always identical; therefore, the maintainability characteristics of an equipment can be adequatefr
expressed in terms o its repair time characteristics. In the situation of complex systems, repuirs usualiy
require the services of more than one repairman. Consequently, system maintainability characteristics can
no longer be adequately defined by repair time characteristics alone; constraints on other characteristics
(Such as man-hours and number of repairmen) must also be defined.

5-16
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The fact that repair time, man-hours, and the number of repairmen can all be approx- ~ b
g imated by lagnormal distributions permits the assumption that multiple repairman actions may be shown to |
: ] cousist of a simple combination of single repairman actions using a matrix model. The matrix method of ,
‘B predicting MTTR's and MMH's is described in the next paragraph. !
|
ﬂ | 542 Matrix Calculations. The matrix method of maintainability prediction is best
- described by a series of illustrations for the parameter types of interest. ‘
\ 5421 g Calculation of MTI‘HS. The arithmetic system MTTR, MTTRS‘ is calculated by the g
| following relationship: !
| K |
¢ MTTRg= Z g M AX = The mean time to repair the system (5-29) ‘
! b i=} }
. where :
a; = Probability that i repairmen are assigned. ,
i = Denotes the number of repairmen associated with a
repair; | ranges from 1 through K. ;
; K %
: Note £ q=1. (5-30) :
: i=1
f M AXj - Cxiﬁi = Human factor adjusted average system repair o
% time for | men repair team.
7

Cyx, ™ Repair time human adjustment factor for i men i

z repair team. This is a team-work factor reflecting gain

32 in efficlency due to team-wotk, 0 < Cxi < L ;
E Typical values of Cxi for a large sonar system are:

i Cxl = {, This is obvious for a I-man team.

: Cx, = 0.306 for 2-man teams.

2

§

§ ! Cy .= 0.244 for 3-man teams.

p 3

i The equation for MTTRg can be rewritten as:

3
4 MTTRg= Z M,y =a™,x1 = aTAxM1 (5-31) .

j=1 ;
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@' = The ranspose of ¢

1 = Unit matrix

o o

The parameters or a typical large tonar problem are:
@), = Probability of 1.man per repair = 0.1
a; = Probability of 2.men per repair = 0.7
a3 = Probability of 3.uen per repair = 0.2

M1 = Mean repair time of 1-man repairs = 4.1 hours

Therefore, the MTTR; is obtained as follows:

{‘ 0.1
»

a «|o?
0.2
al = [0, 07, 02)
| 0o 9

‘-: &7
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therefore: 1 0 0 I
MTTRg = [01,07,02] o 0306 o | [41] |1
= 1.49 hours 0 0 0.244 |
5422 Calculation of Mesn Man-hours per System Repair (MMHSJ. The mean visue of man-
hours per system repair is given by:
K T
MMHg = 2 a) MHuy, = a'HHayl (5-33).
e HB HE
MB.wM = AVMEH
AY Y (5-34)
C 0 0
Y (5-35)

A -
Cy3

CY‘ = Human factor adjustment factor on man-hours. 0 < Cy <t

Typical values for a Iarge sonar system are:
Cy, = 1
Cy, = 0526
Cy; = o045l

MH - MH)) (5-36)

Consider the large sonar of the previous example. If all parameters remain the same
and the mean man-hours for a single repairman situation, m‘ = 4.1 hours, the mean system man-hours

can be calculated from
1.0 0 0 1
MMHg = [01,07.02] [0 os2 o {[e1] | i
0 0 0451 1

= 2.29 hours
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58 Flow Chart Maintainability Prediction

5.5.1 Introduction. At the present time, Procedure 1l in MIL-HDBK-472 is probably the
most popular maintainability prediction procedure. However, because of its reliance on table 2-2 of that
handbook the procedure can only be used for preliminary maintainability prediction studies,*® since this
table is rather insensitive to hardware design changss and totally insensitive to maintenance procedure
improvements. Therefore, the Flow Diagram Maintainability Prediction Method is presented in order to
estimate the maintenance times for a given system more realistically. This method improves maintain-
ability prediction accuracy, helps to standarize troubleshooting procedures, reduce the expected number of
maintenance stops, and establish a troubleshooting priority that is roughly consistent with circuit criti-
cality. The method can be used for maintainability growth monitoring and man-hour prediction. Because
the flow diagram can simulate most of the maintenance tasks, it is a highly desirable prediction method for
contracts that require maintainability demonstration.

- ’ﬁ Another important characteristic of the method is that it can be used to predict F
4 gg‘ arithmetic mean repair time and mean man-hours independent of the distribution of repair time. In addi- -
v % tion, it can be used for analog and digital systems. P

§ - ¥ '
i I
4 5.5.2 Basic Concepts. The following steps are used when applying the flow chart model.
® Conduct & Level of Repair analysis to determine the system’s modular and
replaceable part structure.
% % 3
R i’ ® Conduct a Failure Mode and Effects Analysis to determine the symptoms
I resulting from the failure of each replaceable item or module.
‘.' m ® Evaluate the results of the first two steps and construct a troubleshooting flow I 4
- S diagram which defines the logic and physical actions of the repair process.
% Rules which should be followed are:
; — Whenever feasible, each test point indication should eliminate from sus-
3 ! % picion roughly half of the potentially faulty circuits. This rule is consistent
4 with decision theory concepts using failure rates as the weighting factors.
1 —~ Troubleshooting actions should consist of & logical deduction from visual
& analysis of selected signal outputs, the BITE/PMFL readings obtained while
% manipulating front panel controls and limited groups of modules/replace-
3 i able items. In some cases, testing by simple replacement may be necessary.
o
3 £
% The flow chart is constructed under the assumption that only one independent cir-
i é cuit fault can occur in the receiver at a time, because the probability of two simultaneous independent
- faults is extremely low.
i -
-4 P, :
4
, * Localization, isolation, alignment, and checkout times in MIL-HDBK-472, table 2-2, are based on the
! average maintenance test times of a wide variety of naval electronic equipments of vintage lots prior to
4 1965.
)
b4
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Determine the time required for each analytic and physical step in the flow chast:

Test equipment sotup time (t,).

Ovenall system diagnosis time (t, ) (This is the time required to determine the
starting point of the analysis fxom system leve! indications.)

Module isolation/localization time (t pg) (This is the average time required to
trace through the logic paths to detamlﬂ}\‘e if a module is faulted. If soversl peths
lead to the same module, they must all be included in the analysis.)

Replaceable item isolation/localization time (t p): sarie definition as for
modules.

Module replacement and check time (tpg) (This is the time to check the test
points, jacks, and visual indicators on the suspected module, replace the module,
and check its functioning. For some modules, alignment time is needed.)

Replaceable item checkout time includes time to remove, replace, and check
replaceable items.

Specific time elements can be derived from tables 2-2 to 2-5 in MIL-HDBK-472
and from the best judgment of the maintainability engineer, after consultation with design and maintenance

The MTTR is computed from the following equation:

personnel.

where:
t'
tod
N
X‘

MTTR = t +toq+ 27\;\ Rp; (5-37)
t

= test equipment setup time
= overall system diagnosis time
= failure rate of the i'th module or repairable/replaceable item

= XN

Rp; = ty+t, = the time required to isolate. check, repair/replace, and

check the i'th module/part. This is derived by tracing through
each path in the flow diagram.

The geometric mean of repair time (or median) is computed from:

M‘.? (5-38)

MTTRG = Antilog § logt, + logt,y + )‘T
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The standard deviation can be computed from:

o= (log M'ITR) 5:39)
1S MTTRG

The 95th percentile can be computed from:

R7(95) = MTTR; exp [ 1.645 0/0.434 | (5-40)

The procedure described above can be extended to the multiple repairman case
quite simply, by assuming that certain groups of tasks can be performed in parsllel. Each man works on a
specific group of logical steps and physical activities, either completely in parallel or alternating. This allows
the case of repairmen working at different locations (i.e., CIC and equipment room) to be evaluated. The
case where several technicians must work together on heavy mechanical gear can also be considered.

5.5.3 Examples. The flow chart method can be illustrated by means of a simple example
for a digital system which includes a power converter, two module groups, and a rack assembly. Organizs-
tional maintenance is performed by means of module replacement. Some visual fault locating is provided
by means of an indicator lamp on the front face of critical modules. However, most fault locating must be
accomplished by measuring the signals at a large number of test points which are brought out to the front
face of the modules.

The flow chart procedure is llustrated as follows:

1. Figure 5.6 defines the overall troubleshooting procedure. If the system con-
tained a sophosticated PM/FL, many logical steps in the analysis of the module
groups would be zero, and the block *“‘Overall System Diagnosis” might be
slightly larger than three men.

2. Figure 5-7 illustrates the logical and physical steps used to isolate faulty power
supply modules. The mean repair time calculation for the power converter is
summarized below:

® The process illustrated in figure 5-7 and step 2 is repeated for each module
group and the rack assembly.

® The MTTR calculation is summarized as follows:

Module Group . . R
at End of Line N A TP
Power Converter 29637836 8.112905
Module Group | 28.481625 329.996866
Module Group 11 11.226419 126.5552210
Rack Assembly 0.841026 5046156
Totals 43.512853 515.126552
515.126552
MTTR = 2 min+ 3 min + 43.512853
= 16.84 min
21
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Figure 5-6. Digital System Maintenance Flow Chart
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5.5.4 Impact of PM/FL System on Flow Chart Maintainability Prediction. If the system
is equipped with a PM/FL system, the maintenance times associated with many of the diamond shaped
decision blocks in the flow diagram will be reduced to zero. The system checkout time will also be reduced
accordingly. When the troubleshooting and checkout times become negligible, the repair time character-
istics, being dominated by the assembly/disassembly times, wifl generally become a normal distribution.
However, when a PM/FL is not fully effective, the influence of troubleshooting times will remain sub-
stantial and the lognormal principle could still be applied for maintainability prediction.

At the present time, a common practice in PM/FL design is to enable the system to
localize faults to a small number of modules; consequently, manual troubleshooting is still commonly used.
In such cases, the system flow diagram shown may be broken down into a number of discrete flow dia-
grams, each being associated with a group of potentially faulty modules designated by the PM/FL system;
consequently, the maintainability prediction approach will remain the same as that described in the pre-
vious paragraphs.

In case a group of faulty modules cannot be troubleshot by logical deduction of cir-
cuit functions, a common practice is to try the random spare module substitution method. In such a case,
maintenance flow diagram may be abbreviated and the following mathematical model may be applied.

Given the following input parameters:

n = Number of modules in the group
A; = Failure rate of ith module
i = The order of module substitution, that is:

Module 1 is substituted with a spare first. If it is not the faulty module,
Module 2 will be substituted with its spare, etc.,i has a range from |
through n.

t; = The estimated total repair time for the ith module including all the wrong
module substitution and checkout times.

The following may be calculated:

n
A;/ZN; = The probability the ith module is defective (541)
i=1
n n
Expected Group Repair Time = Z tiAi/ ZAi (542)

If (Kl is the average module removal time plus spare insertion and checkout time,
the total repair time for 2, 3, . . . n modules is given by:
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(2 =Yy *m

13 =y +2] (5-43)
ta =t +0-D[k]

It Ay = Xy = A, the equation for Expected Group Repair Times becomes:

,'2’ (n-1)
'i/“ = " + ‘;—'E (5-44)

It Yy = m + Cover Removal & Installation Time

nH)
Expected Group Repair Time = —(——’-— + Cover (5-45)

5.6 Maintenance Perameter Damonstration

S.6.1 Introduction. Since repair time, man-hours, and number of men per repair are the

inherent maintainability characteristics of an equipment, they should be specified in contract requirements

i and tested in maintainability demonstration. Repair times, man-hours, maintenance power, repairman

- experience, and men per repair are lognormally distributed. Consequently, the demonstration plan des-
cribed in the following paragraphs can be used to test each of these maintainability parameters.

5.6.2 Demonstration Procedure Model | - The Median. This demonstration tests the
acceptability of the median of a lognormal variate (x) when the requirement is specified in terms of both a
specified median (M) and a maximum median (M). The basic test model is derived from Test Plan 4 of
MIL-STD-471 A (sample size = 20). The hypothesis testing model is shown in figure 5-8.

log(gevmerric mean of x)-log(specified median) log(geomectic moan of x)-log(maximum medien)

s/V19 s/V 19
/ Critical ¢

Wity e
Lad
tad

Figure 58 Hypothesis Testing of the Median
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The null hypothesis is .

i H;: MM, = specified median (546)

The altemate hypothesis is .
Hi: M>M,

This accept-reject criteria requires that both of the following be true:

-womemc mean of X) - log (specified median) Vl-— ] 547 1
l%-ta P

L )
indicates H is true with(1-a) probability

] log (geometric mean of x) - log (maximum median) ) (548)
19t
f

b S

|
indicates H  is true with < probability o ’ 3
where: '

@ = producer's risk that the system will be rejected even if M < M, ‘ :
B = consumer's risk that the system will be accepted even if M 2> M,

=
]

Specified median of x i 1
M; = Specified maximum median of x l 1

n
Geometric Mean of x = Antilog T (log x;)/n
i=1

s = Estimate of the standard deviation of logarithm of x

;‘ (lozu,)2 - [h((ceomotdcmemofx)jz b
i=1_ : :
i fn- A

: : tatg = values of student’s t distribution at percentage points a, 8 i.c.
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ta-l.mfo:a-o.l
tB- 1.328 for §=0.2

n = sample size = 20

563 Demonstration Proceckis Mode! 2 — The Mean, This demonstration model tests the
acceptability of the mean of a lognormal variate (x) when the requirement is stated in terms of a minimum
acceptable or specified mean 0419) and a specified maximum mean (u). The basic model is the same as

that outlined in MIL-STD-471 A Test Plan 1A. The detailed hypothesis testing model is shown in figure 59,
Critical
Mo X M1

|

-
i
E
8

The accept-rejoct rules are

§ £ avn LAl
E. Figure 5.9. Hypothesis Testing of the Mean
E& This method assumes 02 (the variance of InX) is unchanged regardless of whether the
% null hypothesis H, or alternate hypothesis H, is true; however, because of the assumotion that x is lognor-
wally distributed, the variances of the maintenance times d2 and df are not equal.
4
‘ % The null hypothesis is
g Ho: [T K, = specified mean of x (5-50)
2R The alternate hypothesis is
‘- % Hy: @ & u) = specified mean of x ¢-51)

- Accept H, if¥<uo+za:amdx<p) -Zﬁ:]_
Z' Reject H, otherwise.

. o i

where:

T T

dy = Hogfexpo -1

yoro 1
d, = %4 oxpa -1
1 82

el

s




et e g

B Tr .

PR . .
e g B g\ B A om” . <t vl

PO

n
8= T Inx -[1n (grometric mean of x)]2 f
i=1 n-1 {

n
P X= EX*In
i=1

n = the sample size which should be at least 30 or larger
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60 ALLOCATION OF MAN-MACHINE RELIABILITY

-

81 Introduction

This chapter presents an allocation methodology which is based on conventional
optimization techniques and permits equipment acquisition and human operator/maintainer constraints
to be readily addressed. The methodology incorporates the human as a part of the system by combining
the human reliability results described in the previous chapters with conventional hardware reliability
models. A simple example is provided to illustrate application of the methodology.

8.2 Basic Concepts

The central concept of the man-machine allocation is the *“‘Operational Reliability™
concept (Ref 37).

The Operational Reliability concept extends conventional reliability concepts. It
considers the human as an integral part of the system and considers the fact that systems are frequently
developed for more than one mission. Operational Religbility is defined as the probability of successful
operation of a total man-machine system over all mission employments of that system. The man-machine
system consists of the system hardware, software, interfaces and personnel. In quantitative terms, Opera-
tional Reliability is written as:

Rep = Iy (6-1)
1

where the p;’s represent the probabilities that certain missions will be employed and the r;’s are the mission
reliabilities. The expressions selocted for the mission reliabilities will include the human element. The
Operational Reliability concept can be combined with cost and personnel constraints and the human
reliability models to permit the optimal allocation of reliability to man-machine system elements.

63 Formulation of the Allocation Method

Mission reliability and operational readiness are the best parameters for optimiza-
tion becsuse of their wide applicability. Other parameters that could be selected are mean-time-to-failure
and mean-time-to-repair, but these should only be used as a descriptor of mission reliability and operational
readiness. Availability may be used in place of operational readiness depending on the planned use of the
system, Bazovski (Ref. 4) provides an excellent discussion for distinguishing between readiness and avail-
ability. The parameters selected provide a direct link between high level effectiveness requirements and
component oriented design parameters such as MTBF, MTTR, and numbers and skill level of personnel.

To apply mission reliability and operational readiness to the allocation, first identify
critical functions and their reliability and maintainability design parameters and use these to write expres-
sions for the mission reliability and operational readiness of the man-machine system. The mission reli-
ability expression plays a dual role since it provides an input to the expression for operational reliability
and to the mission reliability constraint. One mission reliability constraint equation and one operational
readiness equation must be written for each mission.

Cost and personnel constraints must also be constructed. Personnel can be specified
many ways. For purposes of the allocation, the most convenient way is to specify numbers of men at dis-
crete skill level. This method allows clear definition of the effect of the human component on system
mission reliability and operational readiness. For example, crew size and skill level can be related to MTTR,
which also impacts operational readiness and mission reliability (where repair is a factor). Numbers and
skill levels are critical parameters in the human reliability models.

61
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) Acquisition cost, support cost, and life cycle cost can all be used as constraints.
f One important consideration is that optimizing against one type of cost constraint does not necessarily
; l optimize against the others. Regardless of the cost constraint selected, the cost of the system must be
|
]

defined in terms of human and hardware contributions and in terms of the basic design parameters to be 5
allocated.

The allocation problem can be written as an optimization problem. The parameters

to be optimized would be, for example, function MTBF, function MTTR, and numbers and skill levels
of personnel. The problem formulation would be:

, Maximize R,, = Zi:piri (6-2) '
) subject to

- Mission relisbility = R, ® R,
Operational readiness = P, 2%,
Personnel = N<N

Cost = T<C

Constraints are written as vectors to represent the fact that there will be one set of constraint equations
for each mission. Equation 6-2 leads directly to the standard form for optimization problems. Additional
equations which can be used in the optimization process were given as equations 5-21 through 5-28,

Conventional methods can be employed to solve the allocation problem for the

design parameters which are used as the basic set of variables. Dynamic programming is the most straight-
forward method of solution. Other methods can also be used.

The presentation of the formulation of the allocation problem has been quite gen- s
eral. Any number of practical situations in both the commercial and military fields can be represented

according to the choice of requirements and constraints. To show how one might apply this general formu-

lation to a practical situation, a simple example has been provided in the foilowing section. The example l :
also shows how the mathematics becomes rather complicated even when a simple system is analyzed.

64 Sample Aliocation Problem
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In this section the formulation of a specific allocation problem will be illustrated. ?
A very simple system configuration, shown in figure 6-1, will be used. Here, the A’s and u's correspond to -

failure rates and repair rates for their respective system components. At this point, no assumption is made
! about their mathematical characteristics.

For simplicity, the simple system has no human operator functions, but does have

human maintainer functions, defined by repair rates. The maintainers are of two skill levels, represented
by E; and E,.

D T 2

The system will be employed on only two missions, A and B, with mission probabil-
ities p, and pp, and mission times T, and Tp. Each mission requires a mission reliability, r, and rp, 3
and an operational reliability, X '3( Reprdleu of mission, the number of maintenance men cannot
exceed N and the cost of the en n system. men and machines, cannot exceed C.
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Figure 6-1. System Configuration for Semple Problem

For our “first order" spproach, the repair rate is considered a constant. and the
probability of correct repair is represented by

Pu(t) = l-e~Ht (o-3)

Note that acconding to chapter S, 2, mean time to repair, is a function of personnel number and skill level
so that g = u(n), na R,). where n& and 1y are numbers of maintainers at each skill level and Byl the
on

equipment connmm mpact. P_(t), then, u actually, P(n), hy, i th The maintenance power Srodel
can de manipulated to show that

MTTR = MMH E,, * § (o)

where, for the example

Eyve = average skill level = an.l *“282.
L1 9“2

is derived from assignment probabilitiss and equipmwnt repair characteristics as they impact repairs by
given numbers of men as described in the discussion of basic voncepts.
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The reliability function for the system is given by:

2

R(Z, 1) = R(Al‘xﬂ‘nl'nb“o' t) = i‘.e_s__.__fli___,xc-)\nl (6-5)

where

s, = %3, ”‘:)"J’\z2 +6A, 1, ”‘zi:'

s, = %30\ ¢ “2)"%‘22 +6A, 1, +“:2]

To write operational readiness, Bazovsky's expression must be modified to account for preventive
maintenance.

The following equation provides the appropriate expression for operational readiness.

POR('ZJ) = POR()\‘. Rz. Ny, Ny, }lo‘. 1) = REZ+ ziQi(Z;‘)Pi (tr < tc) (66)
+ R OB, <to)

where the latter summation is the preventive maintenance analog to the corrective maintenance summation
of Bazovsky. For the example under consideration:

PorE1) = REit) + QZOP(py.1.) + 2Qy (& )P, . T)) ©7)
+ FY @R, )+ 2F5(00Py(t,)

From equations 6-5 and 6-7, the operational reliability expression, the mission reliability and the opera-
tional readiness constraints can be written as:

RoP = P,R@T,)+PRREZTp) (6-8)
s, T, s, T,
N T, s,e? A 5,0 ! A >
e ) A
1°%
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R@T,) + Q)@:T) Py 1)1 2Q0(Z:T )Py L) .

+ FY@T)P (1) + 2Fy@TPy(1) 2 Xy

e TR Vo g s S OREE aRA  EG

‘ R@E iTB) + QI(Z :TB)P(}I‘ Jc) + 202 (%;TB)P(MZ -1‘:)
+Fy B TP (t,) + 2Py @ TpIPy(t,) > Xg

The personnel constraint is easier to write as follows:
':g nl + n2 < N (6"))
1 The cost model can be written a variety of ways, depending on the choice of cost
‘ model. For this simplified example, costs are modeled by:
Chardware = K/A ©10)

{. C personnel = kn

) } For the example, the total system cost constraint is given by:
‘2 Ko(i‘-;. —)‘\.2)* K,n; +Kony <C (6-11)
: Even with the simplifications made, a dynamic programming solution is required.
? Simulation models can also be used to allocate man-machine reliability. The outputs

5 of the human reliability prediction simulations described in chapters 3 and 4 can be combined with dyna-

1| f mic programming algorithms for optimum allocation (figure 6-2). These programs provide output of suffi-

B ; cient detail to permit suboptimization.
3 1
i P
¢ :
3 ‘
¥ \
{ !

A0 % 07 SR S it e 31 BT i
o
-
[
<

°* 'ﬁ

v e




SLECT MHTIAL
FARAME TSRS

[IRIN Iy P

cameute
LAY
cost

CONSTRAINTS
ExcesDiD]|  sgiecy
NEW Nt TIAL

CONITRAINTE NOT ENCEIOED

SALECY NEW
PARANMETER
VALUE OF i

coMpuTE

L)
cost

IXCHE0ID ntvense
DINECTION
OF BLECTION
WO §XCII0ID
coupuTs
L™
™
AIPIAT UNTIL R, MRAX)
POR PARAME TER Bl

ORTAINGD

REPEAT PROCEDURE FOR
ALL OTHER PARAMG TERS
Uit AN IS

[ AND ALL CON
AYRAINTS ARE SATIRPIED

Figure 6-2. Simplified Dynamic Programming Procedures

“ .




s Pl b 2

i b i St 2,

i

e

e B Ter encion o i pn

ha T, 2

$

&
i
¥

e

O AT

Cpe e

F o 28
.« -

FLTAY

anilaigic o alC Lo ST NPT

10.

1.

12

1.

16.

17.
18,

FUSEW L cortimes ds L

REFERENCES

Applied Psychological Services. The logic and processing of human behavioral variables in the
HASSLE program. Wayne, Pa: February 1966.

Balaban, H.S.,, & Costello, D.L. System effectiveness—concepts and analytic techniques. 267-01-7419.
Annapolis: ARINC Research Corporation, 1964,

Bard, P. Physiological investigations of causes and nature of motion sickness. Report No. 485, Sep-
tember 30, 1945, National Research Council Committee on Aviation Medicine.

Bames, R.M. Motion and time study. New York: Wiley, 1954,

Bazovski, L., St., Weapon Systems Operational Readiness, Proceedings, 1975 Reliability and Main-
tainability Symposium Washington, D.C. 28-30 January 1975, pp 174-178.

Bekey, G.A., & Gerlough, D.]. Simulation. In R.E. Machol (Ed.), Systents engineering handbook. New
York: McGraw Hill, 1965.

Birren, J.E. Motion sickness: Its psychophysical aspects. A survey report on human factors in under
sea warfare. Washington, D.C.: Committee on Undersea Warfare, 1949,

Blanchard, R.E. Survey of Navy user needs for human reliability models and data. Santa Monica,
Calif.: Behaviormetrics, 1972.

Bruner, J.M. Seasickness in a destroyer escort squadron. U.S. Amed Forces Medical Journal, 1955,
6, 469490,

Bryan, G.L. in M.E. Dunnette, G.T. Milkovich, and S.J. Matowildo (Eds.), Possible approaches for
development of a naval personnel status index (NPSI). Minnespolis: Personnel Decisions, 1973,

Caldweli, L.S. Relative muscle loading and endurance. Jourmal of Engineering Psychology. 1963, 2,
155-t61.

Campbell, D.T., & Fiske, D.W, Convergent and discriminant validation by the multitrait-multimethod
matrix. Psychological Bulletin, 1959, 56, 81.105.

Chinn, H.I. What is motion sickness? In Symposium on Motion Sickness with Special Reference to
Weightlessness. Wright-Patterson AFB, Ohio: Aerospace Medical Research Laboratories, 1963.

Damon, A., Stoudt, HW., & McFarland, R.A. The human body in equipment design. Cambridge,
Mass.: Harvard University Press, 1966.

Deutsch, M. Field theory in social psychology. In G. Lindsey (Ed.), Handbook of social psychology.
Cambridge, Mass.: Addison-Wesley, 1954,

Dunnette, M.E., Milkovich, G.T., & Motowildo, S.J. (Eds.), Possible approaches for development of
a naval personnel status index {NPSI). Minneapolis: Personnel Decisions, 1973,

Fagan, T.L., & Wilson, M.A. Monte Carlo simulation of system reliability. Undated.

Federman, P.J., & Siegel, A.l. Prediction of human reliability. Il. Validation of a set of human reli-
ability prediction techniques. Wayne, Pa: Applied Psychological Services, 1973,

R-1

S

Lo i




-t AL ke s

i e o Al

e bk B VI 5

Eve

19.

20.

21,

28.

29.

30.

3.

3s.

Fleishman, E.A. The dimensions of physical fitness—~the nationwide nonnative and developmental
study of basic tests. New Haven: Yale Unjversity Department of Industrial Administration and
Department of Psychology, 1962.

Fleishman, E.A., Kremer, E.J., & Shoup, G.W. The dimensions of physical fitness—a factor analysis of
strength tests. New Haven: Yale Unijversity Department of Industrial Administration and
Department of Psychology, 1961.

Fleishman, E.A., Levine, J M., Glickman, A.S. Siegel, A.l., Lautman, M., Alluisi, E.A., & Goldstein,
1.LL. 4 program for research in human performance. AIR-33700-6173.FR. Washington, D.C.:
American Institutes for Research, 1973.

Friedman, M. Essays in positive economics. Chicago: University of Chicago Press, 1953.

Ghiselli, E.E., & Brown, C.W. Personnel and industrial psychology. New York: McGraw-Hill, 1955.

Hamilton, R.L. & Bennett, M. Reliability, availability, and maintainability (RAMA). NSRDL Letter
Report No. 1-22, Annspolis: Naval Ship Research and Development Center, 1970.

Hansen. R, Comog, D.Y. Annotated bibliography of applied physical anthropology in human
engineering. Wright-Patterson AFB, Ohio: Wright Air Development Center, Technical Report
56-30, 1958.

Hare. A.P. Handbook of small group research. New York: Free Press Macmillian, 1962.

Harris, W., Mackie, R.R., & Wilson, C.C. Performance under stress. a review and critique of recent
studies. Los Angeles: Human Factors Research, 1956.

Hemingway. A., & Green, E.L. Airsickness during early flight training. Journal of Aviation Medicine,
1945, 16, 406-416.

Hertzberg, H.T.E., Daniels, G.S., & Churchill, E. Anthropometry of flying personnel—1950.Wright-
Patterson AFB, Ohio: Wright Air Development Center, Technical Report 52-321, 1954,

Kavanagh, M.J., MacKinney, A.C., & Wolins, L. Issues in managerial performance: Multitrait-multi-
method analyses of ratings. Psychological Bulletin, 1971, 75, 3449,

Kelley, HH., & Thibaut, JW. Experimental studies of group problem solving and process. In G.
Lindsey (Ed.), Handbook of social psychology. Cambridge, Mass.: Addison-Wesley, 1954.

Kleitman, N. Sleep and wakefulness. Chicago: University of Chicago Press, 1963.

Krech, D., & Crutchfield, R.S. Theory and problems of social psychology. New York: McGraw-Hill,
1948,

Lamb, J. Test of a basic ﬁﬁmpuon of human performance modeling, Proceedings 1971 US Navy
Human Reliability Workshop, NUSC Technical Document 4437, 19.22.

Lamb, J.C., & Williams, K.E. Prediction of operator performance for sonar maintenance. 'EEE
Transactions on Reliability, Vol. R-22, No, 3, August 1973,

R-2

———— e e iy e oo e il

| 3
I
!
!




M IR Wi T e

X

N A

e

A PO A B e ey

oot nS NG Y S w4

R

e

h e

TR Nt wm . a o ST G SRERE

2 SN

36.

37.

38,

39.

45.

47.

48.

49.

50.

51,

LaSala, K.P. and Jenkins, J.P. Operational Reliability to Secure Reliable Systems, 1975 SOLE Pro-
ceedings, August 1975, p 269,

LaSala, K.P,, Siegel, A.l, & Sontz, C. Allocation of man-machine relisbility. Proceedings 1976
Annual Reliability and Maintainability Symposium, 1EEE No. 76CHO 1044.7RQC.

Leuba, H.R. The human factors ingredient in system effectiveness. Annapolis: ARINC Research
Corporation, 1968.

Lewin, K. Time perspective and morale. In G. Watson (Ed.), Civilian Morale. Boston: Houghton,
1942, Cited by D. Krech and R.S. Crutchfield, Theory and problems of social psychology. New
York: McGraw-Hill, 1948.

Meister, D. Criteria for development of a human reliability methodology. Paper presented at U.S,
Navy Human Reliability Workshop, Naval Ship Systems Command, Washington, D.C., 1970.

Orbach, 3. Generalized effectiveness methodology (GEM) analysis program. LP 920-72-1, SF-013-14-
03. Brooklyn, N.Y.: Naval Applied Sciences Laboratory, 1968.

Osgood, C.E., & Suci, G.J. A measure of relation determined by both mean difference and profile
information. Psychological Builetin, 1952, 49, 251-262,

Siegel, A.l. Paper prepared for Naval Ships Command Symposium, 1973.

Siegel, A.L, & Federman, P.J. Development of performance evaluative measures: Investigation into
and application of a Fleet posttraining performance evaluative system. Wayne, Pa.. Applied
Psychological Services, 1970,

Siegel, A.l., & Federman, P.J. Prediction of human reliability. Part I: Devtlopment and test of a
human reliability predictive technique for application in electronic maintainability prediction.
Warminster, Pa.: Naval Air Development Center, Contract N63369-71-C-0014, 1971.

Siegel, A.l, Lautman, M.R., & Wolf, 1.J. 4 multimethod-multitrait validation of a digital simulation
model. Wayne, Pa.: Applied Psychologica) Services, 1972.

Siegel, A.l, Lautman, M.R., & Wolf, J.). Digital simulation of the performance of intermediate size
crews: A multimethod-multitrait validation of a digital simulation model. Wayne, Pa.: Applied
Psychological Services, 1972.

Siegel, AL, & Michle, W. Extension of a prior personnel subsystem reliability determination tech-
nique. Wayne, Pa.: Applied Psychological Services, 1967.

Siegel, A.l., & Miehle, W. Maintenance personnel subsystem reliability prediction for the HIND-
SIGHT system. Wayne, Pa.: Applied Psychological Services, 1967.

Siegel, A.l., & Schultz, D. 4 multidimensional scaling analysis of the job performance of naval avie-
tion electronics technician. Wayne, Pa.: Applied Psychological Services, 1962.

Siegel, AL, & Schultz, D.G. Post-training performance criterion development and application: A

comparative multidimensional scaling analysis of the tasks performed by Naval electronics
technicians at two job levels. Wayne, Pa.: Applied Psychological Services, 1963.

R-3

i o e a




52.

53.

54.

5S.

56.

57.

59.

61.

62.

63.

65.

R R IR P

Siegel, A.1., & Wolf, J.J. Man-machine simulation models: Performance and psychological interaction.
New York: Wiley, 1969.

Siegel, A.L, & Wolf, J.J. Techniques for evaluating operator loading in man-maechine systems. A
description of a model and the results of its first application. Wayne, Pa.: Applied Psychological
Services, 1959.

Siegel, A.L, & Wolf, J.J. Man-machine simulation models, psychological and performance interaction.
New York: Wiley, 1969. '

Siegel, A.l, Wolf, J.J., & Cosentino, J. Digital simulation of the performance of intermediate size
crews: Application and validation of a model for crew simulation. Wayne, Pa.: Applied Psy-
chological Services, 1971.

Siegel, A.1. Wolf, J.J., & Cosentino, J. Application and validation of a model for crew simulation.
Wayne, Pa.: Applied Psychological Services, 1971.

Siegel, AL, Wolf, J.J., & Fischl, M.A. Digital simulation of performance of intermediate size crews:
Logic of a model for simulating crew psychosocial and performance variables. Wayne, Pa.:
Applied Psychological Services, 1969.

Siegel, A1, Wolf, J.J., & Lautman, M.R. 4 model for predicting integrated man-machine systems
reliability. Wayne, Pa.: Applied Psychological Services, 1974,

Siegel, AL, Woif, J.J., & Lautman, M.R. A Family of Models for Measuring Human Refiability,
Proceedings, 1975 Reliability and Maintainability Symposium, Washington, DC, 28-30 January
1975, pp 110-115.

Smith, RL., Westland, R.A., & Crawford, B.M. The status of maintainability models: A critical
review. Human Factors, 1970, 12, 271-284.

Sontz, C., & Lamb, J.C. Predicting system reliability from human date. Proceedings of 1975 Reli-
ability and Maintainability Symposium. January 1975.

Sontz, C., & Lamb, J.C. Predicting system reliability from human data. Proceedings 1975 Annual
Reliability and Maintainability Symposium, IEEE No. 75 CHO 918-3 RQC, 105-109.

Tappen, N.C. An anthropometric and constitutional study of championship weight lifters. American
Journal of Physical Anthropology, 1950, 8, 49-64.

Torrance, E.P. A theory of leadership and interpersonal behavior. In L. Petrullo and B.M. Bass (Eds.),
Leadership and interpersonal behavior. New York: Holt, Rinehart & Winston, 1961.

Tyler, D.B. The influence of placebo, body position, and medication on motion sickness. American
Journal of Physiology, 1946, 146, 458-466.

Webb, P. (Ed.), Bioastronc:tics data book. Yellow Springs, Ohio: Webb Assoclates, 1964.




(

~

67. Wechler, D. The range of human capacities. Baltimore: Williams & Wilkins, 1935,

68. Whitlock, G.H. Application of the psychophysical law tu performance evaluation. Joume! of Applied
Psychology, 1963, 47, 15-23.

69. WSEIAC (Weapon Systom Effectiveness industry Advisory Committee), Fine! Report of Tazsk Group
II. Predicrion-messurement. AFSC-TR-65-2, Vok. 1, 11, and 1Il. Andrews AFB, Maryland: Air
Force Systems Command, 1965.

RS




8!
R L

APPENDIX A VARIABLES AND FORTRAN CODES

This appendix lists and defines the variables in the digital simulation program as follows:

® Appendix Al - variables in the program for the 1.2 man digital simulation model ;

® Appendix A2 - principal subscript variables and FORTRAN codes for the 4-20 K
man digital simulation model
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APPENDIX A1: LIST OF VARIABLES FOR PREPROCESSOR
This appendix lists and defines the variables in the digital simulation program for the 1-2 technician model.
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7 Variable List for Preprocessor ;
i (Subroutine RAM) |
S .
i i FORTRAN 1V
; 4 Proghram Name Descrniplion
: i3 ., = s e
= AID(1,J) Average increase or decrease in Pij for individual
; 3 task elements.
: . :
s ICE(I,J) _It's close enough indicator, adjustment to within !
o : .01 of the theoretically perfect combination of |
k probabilities was considered sufficient.
IOK Counter to determine when all probabilities have
been adjusted to acceptable values.
§ JAG(I,J) Technician type of each crewman. :
: NG (JAG,J) Number of task element success probability before {
5 manipulation. . !
. . f
PG{JAG,J) Cummulative probability of success of task elements i
within each job activity group. ]
',; L INR(JAG,J) The NGtM root of SPOG. '
% 'é IP (JAG,J) The total potential increase for all task elements
; ; in each job activity group.
; ; . : )
j i SPOG (JOG, JOT) The overall success probability of each technician j
: 1 type on each job activity group. i
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FORTRAN 1V
Program Name

A

A3

A4

ADDSTR

AFS

ALPH

APS

ASTS

ATMU

ATU

ATW

AUGSTR

AVD

Variable List for Main Routine

o Symbol Used
Description 4n Reports
Average time at which a task was completed
by operator 1, taken over a run (summary run
output) .
Average time at which a task was completed
by operator 2, taken over a run (summary run
output).
Frequency distribution—avefage stress over a
run at the beginning of each task for operator
1, (summary run output).
Frequency distribution-average stress over a
run at the beginning of each task for operator
2, (summary run output).
Stress additive. Aij
Average final stress over N iterations (summary
run output).
Joint task indicator (detailed output).
Average peak stress over N .iterations (summary
run output).
Average starting total stress per task, per
operator.
Average time to complete cach task and all pre-
ceding tasks.
Average time used over N iterations (summary
run output).
Average waiting time over N iterations (summary
run output).
Augmented stress= total stress. Sij

Average final goal aspiration difference over
N iterations.
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s

.

Ainza
v

AVGCOH

AVGTM

AVGTMD

BLK

BLOCK
COHES

COHLAS

CONVER

CWAIT

DT

ESS

FO2
GOF
GOSF

HEAD

1ASTS
IAVG
ICALI

ICHNG

Variable List for Main Routine (cont.)

Frequency distribution-average cohesivencss for
each task over a run (summary run output).

Average task execution time (input)
Time deviation-average sigma (input). aij
Temporary storage block for the calculation of

& success probability modifier.

Average of ISUMF and ISUMI.

Cohesiveness. cij

Last cohesiveness value (summary iteration out-
put).

Conversion constants for time scaling.

Total time spent for cyclic wait during an ite-
ration (summary iteration output).

pDifference (time used-time available).

Essentiality indicator (input). E

ij
Constant= 0.02.

Tatal number of task failures during iteration.

Total number of all tasks during an iteration.

Designator for title of plotted results.

Task number. i
Count of the number of tasks per iteration.

Count of successful tasks per iteration.

Indicator for entry/reentry to input subroutine.

Number of iterations before output type is changed
(input). ’
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g | Variable List for Main Routine (cont.)

2
A IFREQ Frequency distribution-number of items that each
3 task was ignored (summary run output).
)
K IFREQF Frequency distribution-number of times that each
3 indicated task was failed (summary run output).
i !
;’ IFREQL Frequency distribution-number of times that each
| task was the last task completed (summary run
output) ,
d IGNORE Flag for essential/non essential tasks.
IN Standard system input tape number= 5.
Y,
B IND1 Idicator for number of times random number gene-
‘. rator is called before run starts (input).
i IND2 Type of output for first ICHNG iterations (input).
; R IND3 Subtracted from IND2 after ICHNG iterations.
1 Controls level of detail of output for first ICHNG
.% iterations (input).
. IND4 Always equal 1 (input) (could be deleted).
3
% INDS Unit code for time units (input).
§ 10 Standard system output magnetic tape number= 6.
i
| ¥
3 1P Other operator= partner 3!
2 IPKF Fréquency distribution-number of times peak
} stress occurred on specific task (summary run
i output) .
IPREC Task preccdence (input). dij
A
. ke
; IPRECS Temporary for IPREC. 3
-4 1Q Temporary for NXTS.
|
f IRET Indicator for goal aspiration program segment 1
% entry.
]
! ISTRS Task number on which peak straess occurred (sum-
mary iteration output).
§ A8
H 1
]
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, 1 ‘ Variable List for Main Routine (cont.)

1 ISUC Indicator for task success or failure.

g é, ISUMI Total number of tasks ignored over a run (sum-

; % mary run output).

Z; : ISUMF Total number of task failures over a run (summary

§ B run output).

2 f ITASK Current task number.

! % ITER Iteration number (iteration summary output).
ITMUP Iterim variable in the calculation of the staring

time for cyclic task.

? J Operator number.
? JP Other operator designator.
: JT Temporary location for JP,J.
.- K Operator number (iteration summary output).
l i NINPC Number of task data cards, also the sum of the

last task number for each operator (input).

NMAX Number of tasks for the operator who possess the
greater number of tasks.

o o R A R A i g e

NOTSK Average number of all tasks per iteration over N
iterations.
q NRUN Run number.
j -: NTASK Number of tasks assigaed to each operator.
! NUMCOH Number of tasks in which cohesiveness is calculated.
; NUMIT Number of iterations per run (input).
} NUMRUN Number of runs (input).
- NUMSUC Number of iteration successes per run.
vi % NUMTRL Trial number. . g
P NXTF Number of next task if current task is failed

§, !; {input) .
] A9
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Variable List for Main Routine (cont.)
& "‘
NXTJ Next task indicator for current operator on speciél
. jump task.
! NXTJP Next task indicator for partner on special jump task.
‘i : NXTS Number of next task if current task is successful
! g (input) . 1,3,
? % oT Indicator of task success (blank), failure (F), or
: ignore (I).
i
i : ov Overrun/underrun indicator (iteration summary out-
; put) .
? PERF Performance= number of success/total number of
tasks.
PI Constant= 3.141...

PRRSUC Average probability of task success, probability

that next task will be NXTS. Pij :
PRD Period for cyclic tasks (input parameter). Pj

i PRSUC Percentage of iteration successes in a run.

; PVI Three dimensional array for storage of dependent

: variable plots.

:

% PV2 Three dimensional array for storage of independent
- 3 variable plots.

4 i

§ RDEV Random number noérmally distributed with mean= 0,

i and sigma= 1,

g SFI Succers/failure indicator.
i é SPEED Individuality factor (input parameter). Fy
o :
i E STRM Stress threshold (input parameter). Hj '
) :
3
3 STR Stress, also final stress at end of iteration. 5y
; STRS Peak stress of an iteration (summary iteration out-
¥ put). :
4 ]
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"SUMCOH

SUMTF

SWAIT

™

T2

T3

TIME

TITLE

TMAVA

T™U

TOTALT

TOTTMI

TOTTMS

TSUMTF

XRAND

Variable List for Main Routine (cont.)
Sum of cohesiveness values over an iteration.

Total time of all failed tasks over a run (run
summary output).

Average cyclic wait over N iterations (summary run
output).

Temporary for total time remaining.
Temporary for time remaining for essential tasks.

Temporary for time remaining for non-essential
tasks.

Larger of two operators' time available.

Task execution time.

tij
First card of input.
Time available for mission (input parameter). Tj
Temporary for the time of beginning a task.

E

Sum of time remaining for essential tasks. Tij
Sum of time remaining for non-essential tasks. ng
Total time used for all prior tasks for current
operator ng

Total time used for iteration (summary iteration
output) .

Tagk waiting time (detail output).
Total waiting time (summary iteration ouput).
Frequency distribution-total time spent in failed

tasks (summary run output), also average of above
over a run).

2 - PI= 6.28...

Random number uniformly distributed in interval 0 - 1.
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Event number®
Event type
Day number

Consumable

Spare parts
consumable

Type of personnel

Next event alternative

Command eschelon

Principle Subscript Variables

FORTRAN

Variable

IE
IETYP
ND

L
L1

NT
IA

ICE

(Also called level or rank)

1. officer
2. senior p.o.
3. junior p.o.
4, unrated

Type of emergency
Equipment

Crew member .

Consumable threshold
(units)

Consumable threshold set
(units/time)

Sea state

Group member

Duty shifts

Equipment type
1. mechanical
2. electromechanical
3. electrical
4, electronic

Data change value

#Scheduled events are numbered 1-200.

IQ

I1TS1
ITS
Is
p(e]
NDS

JET

IEDCV

10
30

20
10

10

FORTRAN

Maximum Value

IQMAX

~
]

IT™MAXL
ITSMAX
ISMAX

NDSMAX

JETMAX

IEDCUM

Repair event families are given numbers

201-560 since each of the 30 equipment repairs may call for a family of up
to 12 repair events. Emergency events are given numbers $61-570 by the program
corresponding to emergency types 1-10.

A-18
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AASP
ACP
ADUR
ADURIO
APST
ART
ASD
ASDE
BE
CALRY

IND

1Pl
P2

INPUT Subroutine
Description

Average aspiration

Average crew pace

Average duration of scheduled event

Internal variable

Average psychological stress threshold

Average repair time

Average standard deviation of repair

Average standard deviation of emergency
Effectivity of stress

Number of calories required by average crewman per day
Catnap length

Alphanumeric descriptor array
Duration time between emergencies
Duration time of emergencies
Duration time of repairs
Internal variable

Data change value

Emergency event data set
Repair event data set
Internal variable

Internal variable

Internal variable

Internal variable

Internal variable

Internal variable

Internal variable

Class

Description array

Day number of next failure for each piece of equipment
Number of duty shifts

Expected energy consumption

Expected energy consumption for emergency

Data change variable

Family number

Temporary variable

Error branch

Essentiality

Emergency essentiality

Essentiality threshold

Event number

Event number in family

Internal array

Event hazard class

Event hazard class (emergency)

Index variable

Printout option indicator array

Event code

Internal variable

Internal variable

.




INPUT Subroutine

FORTRAN Description
: iP3 Internal variable
3 IP4 Internal variable
ﬁ PS5 Internal variable
i 1PE Prerequisite event
- IPERCT Internal variable
i IQR Equipment list
i IRC Consumable rate of expenditure (units/hours)
: IRC1 Consumable rate of expenditure (units)
j IRCE Consumable rate of expenditure (units/hours)--emergencies
' IRCE1 Consumable rate of expenditure (units)--emergencies
IRE Number of repair events
IREX Repair event number maximum
ITEM Temporarxy variable
ITER Iteration number
J Index variable
JJ Index variable
i K Type of emergency
: Kl Physical capacitation fraction
: K7 Derating constant
3 KASE Case number
; KE Event end type
) KK Index variable
KON Initial level of consumables (units/hours)
x : KON1 Initial level of consumables (units)
3 : KONT Threshold consumables (units/hours)
i KONT1 Threshold consumables (units)
i LODM Mental load
% LODME Mental load for emergency
§ MAXSL Maximum sleep
H MEN Crew composition array
i MM Internal variable
i MPIL Average number of man days per indidence of physical incapacitation
iy N Number of iterations
§ ND Number of days
} NDBE Number of days between emergencies
3 NDMAX Maximum number of days
4 NDS Duty shift
- NEME Number of emergencies
1; NEQRE Number of equipments required
3 NFP1 Internal variable
3 NFP2 Internal variable
NFP3 Internal variable
NFP4 Internal variable
3 NFPS Internal variable
L . NIF Number of family
I H NIP1 Internal variable
# ' NIP2 Internal variable
f NIP3 Internal variable
gg NIP4 Internal variable
!
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NIPS

NIQR
NOSE

NTYPES

PARAN
PERSNL
PID
PPFQ

PPIQ
PRB

PNRRT
RELH
RELL

SCHEVT
SESTA
siGwT
SLEEP
SPFQ

sPUQ

TFAT
Th

TS
TSE

TSEL
TSR
TSR1

TUI
TYPE
USHLIM
NORK1
WORK2
wT

2PC

. e g, g . et i

INPUT Subroutine

Description

Internal variable

Equipment used array

Number of scheduled events

Number of men required by type for emergency

Number of types

Next event number for each alternative

Common block

Common block

Average duration of phyaical incapacity

Per cent fully qualified in primary specialty

Per cent moderately qualified in primary specialty

Per cent unqualified in primary specialty

Probability for each alternative path ;

Cross training probability table .

Common  block L ;

Average short term power output

Equipment reliability

Intermittent reliability

Repair touchup code ;

Internal variable ;

Sea state ;

Standard deviation of body weight 3

Number of hours since last eight hour sleep period

Per cent tully qualified in secondary specialty .

Per cent minimally qualified in secondary apecialty _

Per cent unqualified in secondary specialty

Earliest starting time allowed i3

Fatigue threshold ;

Time limit by which event must be completed

Consumable threshold set identifier (units/hours)

Consumable threshold set jdentifior (units)

Threshold set for consumables below which event is ignored
(units/hours)

Threshold set for consumables below which event. is ignored l?
{units) ;

m:::'i‘::? set for consumables below which emergency is ignored

Threshold set for consumables i
{unita/hours) tes balow which emergency is ignored

Intermittent reliability

Internal variable

Per cent threshold for unmanned station hours

Number of hours worked after which no new work assignment iu made

Number of hours worked atter which no new work is authoriszed

Mean body weight .3

Physical capability constant 3
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MAIN Program

I
B o
E. 1 FORTRAN Description :
X
i g EF Goodness of physical capability value
- EH Event hazard 3
& 1 EMTBF Equipment meantime between failures
7 EMTTR Equipment meantime to repair
TR EPEFF Equipment performance effectiveness
S EPL . Equipment performance level !
P ES Goodness of stress value f
Sk ESSS Temporary variable .
S ETEM Temporary variable i
: EXER Overexertion factor used in physical capability calculation :
-’ FAT Fatigue level for each man in crew
B FDIFF Failure difference
{ FLIC Number of men in crew '
; FLIG Number of crew members in group participation in current event i
T_ FLOAT Conversion to real ]
: FUNC Function ;
! GASP Group aspiration level
GPACE Group pace value used in performance time calculation
GPCC Group physical capability by
GPERF Group performance ¢ 3
GSTR Group stress |3
: i GSTRM Group stress threshold -
: L HEADR Program header 3
i , HR Hazard ratio used in SI calculations 3
: HRSE Total man hours worked on emergency events for the day
R HRSR Total man hours worked on repair events for the day
; . HRSS Total man hours worked on scheduled events for the day
‘- HSLS Number of hours since last slept for each man in crew
g 1 Index variable
3 ' IAR Number of men in crew for each echelon
1 p (of Maximum number of crewmen
ICE Command echelon for each crewman
ICLASS Class
ICML Event with maximum CML for the day
ICSS Current sea state
InC Calories expended for the day for each crewman
IDCMX Event with maximum calories expended for the day
IDE Day number of next occurrence for each emergency event
IDF Day number of next failure for cach piece of equipment 3
IDFFF Internal variable
IDIFR Internal variable ‘
IDIFR Internal variable
IDIFF Internal variable ;
1Ds Number of duty shifts *
1E Event number P
1EC Expected energy consumption during event (calories per hour) {
1ECE Expected energy consumption during emergency event [
(calories per hour) X
1EDC Data change variable 3
IEFN Family number \j
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DEPEFF

MAIN Program

Description

Average aspiration

Absolute value

Calories expended since last slept for each man in crew
Average repair time per day

Average crew pace

Average dow time per day

Average up time per day

Average duration of scheduled event (hours)

One half of average duration

Average duration of scheduled event in type data
Average equipment performance level

Maximum value

Minimum value

Average performance adequacy

Average psychological stress threshold

Average physical workload for the day for each man in crew
Average repair time

Standard deviation of ADUR

Average standard deviation (emergency)

Level of aspiration at beginning of iteration for each man in crew
Temporary variable

Effectivity stress on performance on a no-stress state i

Temporary variunble

Temporary variable

Average calories expended per day for each man in crew
Intermediate calculation used in crew selection process
Number of calories required by average crewman per day
Current average repair time

Current level of aspiration for each man in crew
Calories expended for the event for each man in crew
Initial crew competence

Current downtime

Internal array for summary by event class

Internal array for summary by event class

Crew mental load

Maximum crew mental load obtained for an event during the day
Catnap length. Below considered rest. Above is sleep.
Temporary variable

Current uptime

Average equipment performance effectiveness
Alphanumeric descriptor array

Amount of sleep for the day for each man in crew
Duration time between emergencies

Duration time of emergencies

Temporary variable

Duration time of repair

Goodness of aspiration value

Goodness of competence value

Data change value
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FORTRAN

IEIE
1EMAX
IESS
IESSE
IET
1IETYP
IEVENT
IFIRST
IFOI
IGAP
IGIND
IGNOR
I
IHE
1
111
TKONC
IKONE
IND
INIF
INIQ
INT
INVS
101F
IPE
IPET
1PI
{1
1PSS
IPTR
IQMAX
IOR
IRC
IRC1
IRCE
IRCE1
IRE
ISIE
1SS
IST
1SKW1
ITAP
ITEM
ITER
ITRY
ITYPE
IXDF
IXDF1
J

MAIN Program
Description

Counter for number of different events attempted for the day
Maximum number of events

Event essentiality

Emergency event essentiality

Essentiality threshold. Determines ignores.

Event type number

Event to be simulated for the day

Temporary variable

Group member

Internal variable

Indicator for cause of ignored event

Indicator for ignored event (1= event ignored)

Event hazard class (1-3= low, 4-6= medium, 7-9= heavy)
Event hazard class {emergency)

Index variable

Index variable

Internal variable

Internal variable

Indicators for output recording options

Internal variable

Internal variable

Event code (l= normal, 2= training)

Inverse pointer array

Operator induced failure

Prerequisite event

Previous event indicator

Incomplete processing indicator

Primary specialty for each crewman

First 20 slots same as IPS, second 20 slots same as 1SS
Pointer array for events

Maximum number of pieces of equipment for repair events
Equipment list

Consumable rate of expenditure (units/hours)

Consumable rate of expenditure (units)

Consumable rate of expenditure for emergencies (units/hours)
Consumable rate of expenditure for emergencies (units)
Number of repair events

Internal variable

Secondary specialty for each man in crew

Internal variable

Internal variable

Tape option

Temporary variable

Current interaction

Counter for number of attempts with current event

Type for which man was selected for event for each man in group
Internal variable

Internal variable

Internal variable

A

[

—-—

S o ve—.




2 LA

03

od)

58 et NS SN

B i 452

.

&

.

O s LIy

3

S vk

B R IS

il s

FORTRAN

JI
JJ
JNDS
K

Kl
K7
KA
KASE
KE
KIND

KMAX
KON
KON1
KONC
KONC 1
KONE
KONE1
KONT
KONT1
KOUNT

NDAYS

NDBE
NOMAX

MAIN Program
Description

Internal variable

Internal variable

Internal variable

Type of emergency

Fraction to which a man's physical capability is reduced
Derating constant for dcceptable performance

Number of crew members available for selection for current event
Case number

Event  end time type (1= fixed end, 2= variable end)
Incicator in group selection process (0= searching primary

specialties, 1= secondary)

Internal variable

Max imum number of types of emergency events

Initial level of consumable (units/hours)

Initial level of consumable (units)

Current consumable level for each consumable (units/hours)
Current consumable level for each consumable (units)
Consumables expended for the event for.each man in group
Consurables expended (units)

Consumable threshold (units/hours)

.Consumable threshold (units)
*Internal variable

‘Crewman chosen as leader for this event

Internal variable

Maximum number of consumables (units/hours)

Maximum number of spare parts consumables (units)

Event mental load (1-3 light, 406 medium, 7-9 heavy)
Mental load (emergencies)

Internal variable

Crewman number

Man selected for the event by type

Man selected for the event

Man selected for the event

Maximum sleep permitted per day (hour)

Maximum stress obtained for any event during the day

Event on which maximum stress was obtained

Indicator for man selected for the event (0= not selected;

1= selected)

Crew composition, number of men of each type by crew selection
Maximum physical capability for the day for each man in crew
Average number of man days per indices of physical incapacitation
Number of mission iterations per computer run

Number of days, current number

Total number of days in the simulation (updated after each
iteration completed)

Number of days between emergencies
Maximum number of days
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MAIN Program

Description

Duty shifts
Number of emergency events to be simulated this day
Temporary variable

Number of equipments (emergencies)

Number of failures for this day

Number in family

Number of ignored events for this day

Number of equipments in repair

Number of cases

Internal variable

Temporary variable

Number of failures for jteration for each crewman
Number of operator induced failures (counter)

Total number of operator induced failures

Number of scheduled events

Temporary variable

Number of successes for iteration for each wman in crew
Number of crewmen to be incapacitated thin day

Number of events performed

Pointer array if in event sequencing

Repair number, number of repair events to be simulated this day
Number of events repeated this day

Number of men of each type raquired by event

Number of men of each type required for an emergency
Number of men required Tor the event for each type
Sickness indicator for each man in crew (0= well, l= gick)
Number of successes on the first try this day

Number of successes onh the second try this day

Maximum number of types of personnel

Number of successes for the day for each crewman

Number of families

Next event number for each alternative

Performance adequacy

Working pace for each man in crew

Pace adjustment factor used in calculations GPACE
Physical capability at iteration start for each crewman

Current physical capability for cach crewman

Equipment to PPFQ, PPMQ, PPU, SPIQ, SPMQ, SPUY

Primary competence for cach crewman

Temporary variable

Performance effectiveness

Parformance level for each crewman

Physical incapacity for each cruwman

Number of future days of physical incapacity for each crowman
Average duration of physical incapacity (days)

Per cent of crew fully qualified in primary specialty

Per cent of crew minimally qualified in primary specialty
Por cent of crew ungualified in primary specialty
Probability of each alternative path after current event
PCOM (1-20) and SCOM (1-20)
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FORTRAN

PSESIC
PT
PTR
PTT
PWR
PWRRT

RELH
RELI
REPAIR
REPTM
RSSUC2
RTEMP
RTU

SCOM
SCDTIQ
SEF
SESTA
SF
SFDIFF
SFTHRS
SGEM
sI
SIDC
SIDCMX
SIGWT
SLEEP
SPFQ
SPL
SPMQ
SPUQ
SRL

ST
STAR
STRM
succ
TAVAIL
succ
TEH
TEML
TEM2
TEM3
TEMP
TFAT
THW
TITLE
T
TPCOM

MAIN Program

Description

Per cent seasick
Performance time for each cvent

" Sequencial order of events for the day

Cross training probability table. Given primary by secondary.

Average short term power output rate for each crewman

Average short term power output rate for average crewman
(calories/hours)

Equipment reliability

Intermittent reliability

Variable to determine if event is repair event

Repair time

Number of repair successes on second try

Temporary variable

Action if event performance is unsatisfactory (1= repeat,
2= touchup, 3= no action)

Secondary competence for each man in crew

Susmmation of down time

Efficiency factor

Sea state

Slowness factor used in computing GPACE

Failure difference

Shift hours

System general effectiveness measure

Safety index

Total calories expended this event

Maximum SIDC for any event thiu day

Standard deviation for work time

Number of hours since last 8 hour sleep period

Per cent of crew fully qualified by crewman at migsion starc

Systea performance level

Per cent of crew minimally qualified in secondary specialty

Per cent of crew unqualified in secondary specialty

System reliability level

Earliest starting time allowed (hours)

Star

Psychological stress for each crewman

Evaluation indicators for each man eligible for the event

Testing criterion for each man eligible for the event

Evaluation indicators for each man eligible for the event

Total event hazard for the day

Temporary variable

Temporary variable

Temporary variable

Temporary variable

Fatigue threshold below which sleep is not authoriszed

Total hours worked for the crew for the day

Program title

Time limit by which event must be completed (hours)

Temporary primary competence
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MAIN Program

i FORTRAN Description 3
L]
§ TPSCOM Temporary/secondary competence array
1 : TS Consumable threshold set identifier (units/hour) j
! 151 Consumable threshold set identifier (unita)
3 TSCOM Temporary secondary competence ]
| TSE Consumable threshold for emergencies (units/hours) 4
§ TSEl Consumable threshold emergencies (units) o
4 TuI Intermittent failure rate
E ™ Working time for the day for each crewman
P Working time in primary specialty for each crewman
™S Working time in secondary specialty for each crewman
USH Unmanned station hours for the current event
USHLIM Per cent threshoid for unmanned station hours
‘ USHT Total unmanned station hours for the day
; v Value of time function used in computing performance time
WH Time since last event participation for each crewman, wait hours
3 WORK1 Number of hours worked after which no new assignments are made
: WORK 2 Number of hours worked after which further work is not authorized
WT Mean body weight of total population (1lbs)
: YU Internal variable
b 2 ) Last real time worked this day for each crewman ‘
i z1 Earliest time when all group members are available i
Z N 22 Earliest time current event can begin ;
A 3» 2c Real time of completion for cach event
§ 2PC Physical capability constant ’
§ ZTEMP Temporary variable '
; i
i 1
, |
|
| |
% i
! .
t
i
3
‘ ¥
| {
b b3
F ( - '
) j ]
L ’
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FORTRAN
FBUILD

HSLS
T™=N1

Description

Uniform probability test function
Temporary probability variable
TYPe of emergency

Temporary variable

Temporary variable

Degcription

Function subprogram
Tenporaxy variable
Rours since last slept
Temporary variable

A2

S I TRV RIS

IPUYSM Function Subprogram

FBUILD Function Subprogram
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OUTPUT Subprogram

: 3 FORTRAN Description
.
vf 3 AASP Average aspiration
B § ACART Average repair time per day
! £ ACDT Average down time per day
P f ACP Average crew pace
i ACUT Average up time per day
\ i ADALY Internal array for daily summary
[ AEPL Average equipment performance level
§ g APA Average performiénce adequacy
I i APST Average psychological stress threshold
H APW Average physical workload
i ASP Aspiration
| E ASPA Temporary aspiration
{ AVACA Total ACART per day
¢ AVACD Total ACDT per day
: i AVACU Total ACUT per day
3 AVAEP Total AEPL per day
4 AVDEP Total DEPEFF per day
% BE Effectivity of stress on performance
{ CAL Average calories expended per day for each man in crew
CALRY Number of calories required by daverage crewman per day
i CART Current average repair time
; CARTI Internal array for average repair time
; { CASP Current aspiration
: CCAL Current calorie level
: cor Current down time
: CDTI Internal array for downtime
: [0 ¢ Blanks
5 I CLSDTA Internal array for summary by event class
: C1.SDTI Internal array for summary by event class
‘ CLSDTR Internal array for summary by event class
; CML Crew mental load
¢ CMLMX Crew mental load (maximum)
! CN Catnap length
: cur Current up time
§ curl Internal array for uptime
. ; DALY Output array
Lo DEPEFF Average equipment performance effectiveness
5 DI Alphanumeric description array
3 DS Amount of sleep for the day
g EDCV Data change value

|
H




EQYPTA
EQYPTA
FAT

FD
FEMTBF
FLIC
FLITER
FLOAT
FNTE
HMNAV
HMNRL
HMTTR
HRSE
HRSR
HRSS
HSLS .
HSLSA

IAA
1c
ICF
ICML
1css
IDALY1
1c
IDCMX
IDFR
IEDC
IEFN
1ET
IETYP
1IFOI
IITEH
13
IK@NC
IMTAB
IND
IPE
IPS
IQMAX
1SS
ITER

JITER

Kl

OUTPUT Subroutine
Description

Equipment mean time between failures
Equipment mean time to repair
Equipment performance effectiveness
Equipment performance level
Equipment availability

Equipment reliabpility

Fatigue

Temporary variable

Equipment MTTR

Crew size (floating point)

Iteration (floating point)

Ploating point

Number of total events (floating point)
Human availability

Human reliability

Human MTTR

Hours worked on emergency

Hours worked on repairs

Hours worked on scheduled events
Hours since last slept
Reinitialization of hours since last slept
Internal variable

Crew echelon number

Maximum number of crewmen

Command eschelon

Crew mental load

Current sea state

Internal array for daily summary
Data change

Data change maximum

Repair identification

Data change variable

Family number

Essentiality threshold

Event type number

Event number in family code
Temporary variable

Internal variable

Internal variable

Output array

Indicators

Prerequisite event

Primary specialty

Maximum number of pieces of equipment or repair events
Secondary specialty for each man in crew
Iteration

Temporary variable

Internal array for daily susmary
Type of emergency

Fraction to which a man's physical capability is reduced after
daily quota is done
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K7

KK
KON
KON1
KONC
KONC1
KONT
KONT1
MAXSL
MAXST
MAXSTE

Nisl

NDAYS
NDMAX

NEQRE
NFALE
NIF

8 NIGNR
NOSE
NPRFM

NR
NREI

NSUC1
NSUC2

By RN S NIRRT

NTIPL

D RO £ o N T iy - 2 -

FORTRAN Description

Derating constant for acceptable performance
Internal variable

Initial level of consumable (units/hours)
Initial level of consumables (units)
Current consumable level (units/hours)
Current consumable level (units)
Consumable threshold (units/hours)
Consumable threshold (units)

Maximum sleep permitted per day
Maximum stress for any event -

Event of maximum stress

Maximum physical capability

Number of iterations

Internal variable

Number of days

Days in simulation

Maximum number of days

Number of emergency events

Temporary variable

Number of equipments emerging

Number of failures this day

Number in family

Number of events ignored

Number of scheduled events

Number of events performed

Number of repairs

Total repairs for the run

Number of repeats

Number of successes in first try

Number of successes in second try

Total number of events

Number of men in each type

Number of daily successes by crewman
Next event number for each alternative
Internal array

Qutput array

Working pace

Reinitialization of work pace

Physical capability

Reinitialization of physical capability
Current physical capability

Primary competence

Reinitialization of primary competence
Performance effectiveness

Performance level by crewman

Physical incapability

Number of future days of physical incapacity for each crewman
Reinitialization of physical capacity by crewman
Probability for each alternative path after current event
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PWR
PWRRT
RELI
REMT
RENTR
REPTM
REPTMD
RSSUCZ
RSSUC2D
RST@T
RTU
SCDTIQ
SCoM
SCOMA
SESTA
SFDIPF
SGEM
sI
SIDMX
SLEEP
SPL
SRL
ST
STRM
SYSA
SYSRL
T3
TOALY
TEH
TEM]
TEM3
TFAT
TIITER
TL
TOT
TOUTA
TPCOM
TS
TSl
TSCOM
™
WP
TWS
USHT

USHLIM

WORK1
WORK2
ZTEM

OUTPUT Subroutine
Description

Average short term output for average crewman
Average short term output for average crewman
Intermittent reliability

Temporary variable for equipment mean time between failure
Temporary variable for equipment mean time to repair
Repair time

Repair time per day

Number repair successes on second try

Internal variable

Total number of successes on second try for all iterations
Action if event performance is unsatisfactory
Summation of CDT

Secondary competence .

Secondary competence reinitialized

Sea state

Failure difference

General system measure

Safety index

Maximum calories expended for this event

Number of hours since last 8 hour sleep period
System performance level

System reliability leve;

Earliest starting time allowed (hours)

Stress threshold

System availability

System reliability

Temporary variable

Daily total output array

Total daily event hazard

Temporary variable

Temporary variable

Fatigue threshold

Iteration summary array

Time limit by which event must be completed (hours)
Internal variable

Internal array

Temporary primary competence

Consumable threshold set identification (units/hours)
Consumable threshold set identifier (units)

Temporary secondary competence

Time worked

Time worked in primary

Time worked in secondary

Unmanned station hours

Per cent threshold for unmanned station hours

Number of hours worked after which no new assessment is made
Number of hours worked after which further work is not authorized
Temporary variable
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APPENDIX B PROGRAM LISTINGS
This appendix contains the program listings for the digital simulation models a follows:
® Appendix Bl - Program listing for the 1-2 man digital simulstion model
®  Appendix B2 - Program listing for the 4-20 man digital simulation model




APPENDIX B1 - PROGRAM LISTING
Thi: appendix contains the program listing for the 1.2 man digital simulation program.
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APPENDIX B2 - PROGRAM LISTING
This appendix contains the program listing for the 4-20 man digital simulation model.




s cory 1,’;:‘6‘1’ Aty mmw

. HED 10 npg
65686 21 y9-27-76 14,083
CXMAIN AIN MAINDD1D
'OHHON/PﬂS"&L/HT SIGWT,PPFN;PPHQ,PPUQ,SPFQ,SPHA,SPUD, ~ MAINDO?2)
t4P1,P1D,2PC, prr(ao 10),MEN(10,4),NDS, 1D5(6,20) TMAINDN3)
nonMOleP.nAM/APST uonx1,unnxz SLFEP cN N‘XSL,TFAT,AcP “AINDO4O
1CALRY,PWRRT ) K74K1,3E,AASP,USHL IM, KON KONY(10, 1(20%,
2 3N71¢10.1o).se¢TA(10) REC ¢4).‘5TE? 5?7).N04Ax 1o R(s .12:
COMMON/EQREVNT/ IDF(30),RELH(30),DTR(570),TUI(30),1RE(30) MAINDOD70
connoN/EknER/ARYtzo).ASDEtio) nTE(to)LxESsstxo) aNREQE(10,10), _ “AlNOOSO
1 LODME(10),1RCE(10D, 10).lnc€1c10 10),TSE(10),TSEL(10),IHECL0), MATNDDP)
1 1ECE(10,10),DTBE(10),NDBE(1Q) YAINOLDO
conMON/EYvP&/ADUR,Asa“gggsmnnso(1o),L00ML5£ INT,IRC(10),IRC1(10), ™MAINDL1)]
1 IH, JEC(10)4MIOR, JOR(6), ICLASS MAINT120

COHHOletvFNT/157Y9(570’oTL(570).SY(570’oEDCV(SnS?O).lPE(570)o vAINO13) E
1 TS(570),751(570), MX(3.570[§RTU(570)ﬁIFOIg§]n1‘1_FN(§7021NIF(57g;,MA]NQ; 3 o

2 IEDC(3,573),PRR(3,570),NDSE,NEQRE , NENE MAINNLS)
COMMON/QCOM/PCOMI20),SCOM(20), IPS(20),155(20),TPCOM(20),TSCOM(29) MAINI1SY
COMHON/OPP1/ TAAC4),PC(20),PACEL20) ASP(20), HSLS(ZOD-P((ZG) ___MAINOL7Y |
1,P12120),1CE(20) TTHAINALS ;
CUMHON/OPP2/ Euczo).Tupcza).rwS(zo».DS(zo).APw(zo) WPCC(20), MAINDLD0
ASP(20),1DC(20), Ce,N NFALE,NIGNR, MAIND200
3 KONC (10),RONCITTDY, ST‘EFI’QE ITER“NDAVg‘iﬁdE%igf‘F]TTz MAINDOZ21)
3 ,STRM(20),CALC20),PWR(20),CCAL(20),NUC20), penrtzo>.uPRrwt4) wATN0220
4 ,APA,SFDIFF,CLSNTA(10.40) ]  vMAINp239
cOMnbN/UPﬁa/lc,rLlc.“REPTjuase.unsn HRSS,PEFF, MAING249
1 MAXST,MAXSTE ,USHT ,NR,NTE,ME, TFH , CMLHX, ICML S1DEMX, [DCMX, 1CSS MAIND250 ,
counog/oppalvatso) cnf(so) CART¢30 curcso) . MAIND260
1 EPEFTFRTAP ST I SR P L S EER RS s AT DT T, REPTH, i
1 ACART(L0),ACOT(L0),ACUTLL0), AEPL(10),DEPEFF (10} ‘
¢ A AEPLJEPEFF EMTBF,EMTTR, SRL,SPL s SGEM MAIND280 !
INTEGER NEADR
IRTEGER TS,7S1,RTU, TSE, TSE1; TSR, TSRY MAINO290
_INTEGER PXZoPYR(240),IOIP(E0) . MAINO309 i
REAL "KONC,NOSUC(20Y, 20, IHC,KONE(20) ,MPCC +MAXST,NU MATND 319 1
REAL MPI,MAXSL,K7,K8,1EC,LODM, 1H, IRC, KON, KONt ,KONT ,KONTY MAIND320
REAL 1ECE, IHE, IRCE,L.ODME, 15T MAIND 330
DYNENSTON 80), (%5) MAIND340 o
4 JXONE1(20),IKONC(20}, IKONE(20) MAIND 350 P
DIMENSION PSCOM(40Y,1PSS(40),PCOUMIG), TPSCOM(40) MAIND3S) 1
ALENCE (PCDUM,PPFQY, (PSCOM,PCOM), (1PSS, IPS), (TPSCOM,TPCOM) WAINOSTD
EQUIVALENCE (ADUR,ADURIO) MAINO380
DIMENSION NS(20),1DE(10), MAIND39D
1 Z(20),2C(970), IEVENT(570,NREQT (107, MAVATL(20),9AIN0400
2 TAVALLC20) ,MAC20,10) s ITYPEC20) ,MAT(20),WH(20),ACAL (20),4AIND4LD |
3 MTe570)TITLECY) MAIND420 !
'iTﬁEN§%3ﬁ_ﬁ%HSN(20)oIMVS(570) !
OIMENSION WEADR(12),1DFFF(30) MAIND440
DATA HEADR(1)/72H APPLIED PSYCHOLOGICAL SERVICES WAYNE, PENNAMAIND45D
' A + SIEGEL/ MAINO48D
DATA TITLE/6HSCHEDU,SHLED EV,4HBNT  ,6MREPAIR,6H EVENT, MAIND4T70
____36M 1 6HEMERGE, SMNCY EV,6WENT  / MAIND4BO
DAYA VU,ESSS,PEA/8H U, 6H S 6H P/ MAIND 490

B-63
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k. FROM COFY FURNISHED 10 DDC

Y

.‘ 13 H :
65686 01 U+27-76. 14,283 __ . e e - :
& DATA STAR,BLANK/ g+ o, 6H / MAINDS09 ?

y DATA REPA[R/SHREPAIR/ o j

i FUNC(A,B, N) 8 (A ¢ (A®R)/4,) @ D dA[NOSTD :

b CALL RANSIZ(12,5%) vAINDGS2Y

3 READ(5,9050) NKASES  4aAlNDS53)

i KASE = 0 wAINO549

| 10 KASE 3 KASEeq MATINNS5D

* IF(KASE ,GT, NKASES) CALL EXIT | MAINOSSO

3 READ(5,9045) HEiDR GATNO57)

3 9045 FORMAT(12A6) 4AIN0589

iy | 20 2u I=1;12
. 10FR(1, [ YaHEADR(T)
20 CONTINUE ’

CALL SPGNDR(HEADR) ) . MAINDGS9Y
LMAXS1Q MAING600
LMAX121) 4AIN061D
NTHAXs1Y . o L . .MAINDG20
ITERsQ YATNDA3D o
NKOUNT = ¢ 4AIND649
READ(5,9050) I1TAP,NDMAX , _ C__4AIN065Y
CALL XXIN YAINDBED
50 JTERs]TERey MAINOS70
{YAP = [TaAPey ] ) . _MAINDSBD 1
NDAYS = 0 ATND690 ]
9059 FQRMAT (213) qAINNT0) :
CALL INPUTCITAP,KASE) . _ _ . __MAIN9710
KMAXSNEME qarvaran
10MAXSNEQRE 4AINO739 3
[EMAXSNOSE *NETRE o VENE _MAINOT749
; ConeCOUNT YHE ZREW TFOR EAEH ECHELON AND "ASSIGN T WAIND7S59 .
: CoaeEACH MAN A CREN ECHELOV MAINO?69D
: 1c = 9 o WaINaI?Y
: 50 110 1 = 1,4 ’ - = TTATNDTED }
£ TAACL) 8 O MAINDGTI0 !
3 DO 100 J = $,NTMAX B o wAIN0BOD
2 109 YEALY) @ TARDIWFMEVQY, Y - T T o T e e T AN G L0
! 110 1¢ = laat1delg wAINDA20
FLIC = 1C 4AINDS30 ;
1 1t = 1 4AINGB4) ‘
é JJ =2 O MAINDBSD
3 DQ 120 1 = 3,4 4AINDARSO
. I3 RTVARL VT 9YAINOBT7O
| 1IF (JJ,LT,11) GO TO $20 WAINO B8O
4 .. Do 115 J = 11,J) “AINDB9D i
4 115 10BN = 1 “ATN0909 i
% 11 = JJel MATIND910 b
i 120 CONTINUE MAINO920 '
£ CaedASSTGN PRYMARY SPECTALTTES AAINOV 3D o
i Ma1 YAINGOGED i
L _ DO 160 J = 1,4 MAIND 950 N
3 00 160 [ « 1,NTMAX 4AINODSD !
,'
]
;
o 1
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|
e {
= 3
$H1S PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED TO DDC
o277
' x s ueutt. ) wAINO970
Q,0) GO0 Y0 160 e e MAINDYSO
1 a 1,11 €AIVI990 ,
INS(MY o | MATIN1D09 ;
133 M B Moy e e e AAINJO1) :
160 CONTINUVE MAINL 229 ;
ConoASSIGN SECONDARY SPECIALTIES MAIN1OSY ;
'] C ne) i
nx s UNIFMLLO0,0) 4A1N1060
TENL = TEM) oﬂrtchﬂax 113 _ . 7 1 & ¢ X1 4. 2
B8 210 J & 1, ,NTHAK MAIN1080
§f (PYT(J,11),LY.TEML) GO 70 210 4AIN1D99
- . ) . —_—— . .. _MAINML09
: ] ] YATNIN10
210 CONTINVE “AINIL2Y ;
2 NTINVE ~ _ et - axin - o RS LY .} § ¢ I ]
Ui“sst“sit PRR, PACE  ASP, HSLS,TAY,STAM FOR g HATNLLAY
CondEACH gAN MAINL1SO
---9!nr99 e 1,1C . P . MAINLLGO
sNUWHf%UTo: CTYETER L]
1) (NTeTEMLRSIGNT ) /NT YATINLLOY
e, l! 8 PCUI)eCALRY . MAINLL9O
‘"FI' ) = PCUT)OPURRY MAINL2)9
';gf1l> . :f’ . b:g*"x;g.oios 0 11 MAINL219
A & AMINLCAASP+AASPODN (0,01740,0,1,0} ) L . _MANL?20 i
‘H!t‘!"‘ﬂ i SLEEPs 110, 0VeSLEESSD, 28 ' " n““lmu. 3
s;:?::)-faul:g(usLS(l>) MAIN124Y [
30 M(]) s APST+DNORMY(OD, )oAPSY MAINLRS i3
o?iSIEIUETTE‘PRTH‘IY”"NU“gEtvaﬁ“ gTiNCE ' oo T Vi*ﬂ{%?%" i
CoodFOR EACH MAN AND CCISIN[T]AL cneu COMPETANCE wAINI27) !
___CALL PSCAP(1AAPCDYM, PSCOM) _ “AIN1280
CET % 0,0 YATIN1290 .
Do 360 é s 1,1C MAINL $0) by
360 CC] ® CCle PCOM(I) o ) _MAINISLY
AR SATN1S2) !
ConaCALCULATE PHYSICAL INCAPACITIES waIN133) i
48 Dg 3701 = 3,1C MAINLYAN ‘
=y, YAIN13S) f
370 nlztl>-o MAIN13S)
& 1PUYSN(FL]IC/4P wAlN1S37D
?;‘(NFT ({- 0{ &8 560 ’ qn{ﬁ (1]
0 380 1 » 31,NP! VAINL 390 ;
Il & UNIFML1CD,000FLIC “WiNtege
PICIT) » 0,20UNTFMI(D.)e0,75 AN l
sao Pl2cll) s IPUYSN(PID) wAIN1429
g CALL OyTP * _ ] MAINy4Y C
ConoF [RST DAY OF TTYERATION<-INITTALIZATIONS N “3 J
550 ND s 1 wAINL @S0 ]
0 %60 1 = 1,XMAX MATNLASY - 3
560 !bE(I) . 0 wAli147)




63683 01 u9=27°70 14083 . e e

NG 870 | = 3, l0MaX MATN] 489
8?0 10FC(L) = 0 MAIN 93-,
N0 S80 ] s 3,LMAX wAINY
$80 XONC(1) w KUMN(I) nAyN\S!N
DO %63 | s1,LHAXy MAINYB2Y
83 KONCL (1) ® xONL (D) MAINESSO
Do 390 ! = 1,!C HATN1IS GO
NSLL) = 0 MAIN13SD
ABALCT) & HSLSt1)elAaL(1) 224,y CIYLTLTY]
CASPtt) s ANP(Y) . LTSATR 2L
PRRF (1)aaNPC) ... MaNisho
NOSUC(!)Y » 0,0 wAINL390Q
900 NOFAILLI) = p,0 NA!N!GJG
¢ y ) L L MAINLE
e DEYERMINE DAY OF OCCURRENCFS OF nEXY FALLURES AND EMERGENGCIES FOR 4ATN1429
(o FAILURE AND FQUUISMENTY nA|u1oso
¢ _ ) . . MAINgeen
ull?i(o.noox’ {amax MAINT1 SO
8003 FORMAT(Y eeoaelQMaXe',17) MAIN16840
ult?tto.aooz) (RELMEL), Ing, 1 IMAKY _ .. _MAINf6YO
0002 FORMAT(' eeee REEhi' caﬁxﬁ.s,» NAINL6RD
0O 608 | w 3,10MaY NAIN1AIN
1] » RELN (1) o ALOG(UNIFNML(0,0)) « 0,5 , ~ MAJNEZ29D
IFLIT,EQ,0) 1T WiiNI 71
603 10F(1) = D1 (1)1l MATNE?20
NRITE(S,8004) CIDF(]), 18, 1Q4AN) . ~_ NAINIT?YO
8004 FORMAT(Y oevee !ﬂfiv.lllio\) ’ BCTSLERZL
WMRITE(S,800N) KMaX MAINE 782
0003 FARNAT(' eeon KMAX®I, 17) o . MAINL?80
ARITELS, 8008) tROARLITY, Tuy , KMAX) T ’ R TY LIV 4 L
0004 FQRMAT(' eoes NDPEa?,(818)) MAIN178]
DO 640 ! » 1,KMAX ANy 790
Y? 4 A\ Nbac(!) sALDRTJUNTIFNL(D,0)) - 0.5 oo T o WA{NIHEO‘
1PLL1,EQ0) 1t ¢ wAINIBLO
610 laE(l) s 10k (1) « 1! . MAINgARn
nll?!to(ldd?»’tlb!?fi.!-t.tulx\ ) ) L3I
8007 PORMAT(? aees IDEs’ .;n!o’) MAINIOAN
CIND(3) ,£0,0) @3 TO 630 MAINIASY
eosoil&{“‘éTaétl*;ﬂﬁ“ ca‘Ul'---lNYYllLl!lY!ONs o “"““‘f*ﬂ*‘?ﬁ"‘
430 nxeua-o MAIN193M
¢ SUCQlQ, o o ) o MAIN194N
¢ DY e, wAIN1¥§0
[ Pvn-o. VAINL960
?
T T af‘uis!g
QFALlug MAIN1900
~ RREPTe e MAIN?000
" B0 U8Y Tai 4 ; ) WIINEAL0
493 RPRFN(L)e0 MAINR020

THIS PAGE IS BRST QUALTTY PRACTICABLE
FROM 00PY FURNISHAD 10 LDC

‘!iu‘tgl'f!%‘*%*“ T - T S CHLIL
0l ) NAIN2D 4D
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s PAGE XS BRSY qummmum
!IKIICIxrl'FLEutISHIIIIi)DDG
ARMAA 08 _U02724 14,080
(31 l\:ovaaaél)- 0,0 wAINDUSY
[ ]
— a0 b - NATNPOTR
wAgRkag, 0 : wATNZOSO
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9 10¢F4,2:1%)," 3 '9200I3474' 2':5X010(F4,2,1X)," 2 v,2013,

7 1N 'y ) ’ v/ 41,5%,10(F 4. 22170,
(I ] 4 1,2013,/," 5',5X,10(F4,2,1X),! 8 1,2013,7,' 61',5X,

€ 10(F4,2,1%),! '920033/," 7',5X%X,10(F4,2,1X) ' 81,5

1 &0 ) ) - o/ AL
E 100F4,2,1X),/0" 100,5%,10(F4,2,1X))
WRITE(6,8300) MP),P1D,2PC

' - A EST-!,IDX,
1 IPHYSICAL '/, "MAN DAYS PER!, 9X,'DURATION®,12X, 'CAPABILITY?,/,
2 ¢ INCIDENCE ", 33X, *CONSTANTV,//sF7,2016X,F3.1,18X,F4.2)

299 [V{TITER,EW,{) GO 1O 300 "INPTOB40
REWIND 10 INPTOB50
READ(10) NFP4,NIP4,NEQRE, (FP4C1),181,NFP4),11P4(]),1%1,NIP4) INPT08%D
1 |
300 NFP4 = INPTQB8Y
NiP4 s @ INRTO890
&D US,EQREVY) TNPTO90)
NEORE= P4 (1) INPT0919
1F(N ,LE, 1) GO TO 30} INPTO920
REWIND 10 1NPT0930
WRITEC10) NFP4,NIP4,NEORE, (FP4(1),18L,NFP4), (1P4L]), 121 ,NIP4) INPTE940
308 XX s 2 INPTNO50
CLICR Y TNPTNOAD
IF tINDC1) ,NE. U AND, ITFR ,LE, 1) WRITE (6,0329) INRT0979
DO 350 § » 1,NEQRE INPT0930
1AL, 40X, VEOTTPHENT ANO REPAIR EVENY OATA') IR LE]
00 305 Je1,12 INPT1000
IDES (J) o IP4(KK) INPT1010
¢ JYsTPATRK)
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308  KKsKKey INRT1020
TSR = (P4 (KK) INPT1030
TSRL = [P4 (XK ¢ 3) INPTI040
JREX®IP4(KK+2) INPTI03D
JRE¢ LI w]REX JNPY1060
TEFNXe[PA(KKe3) INPT1070
KKEKKe3 INRT1080
RELH(Y)eFpP4a(MM) INPT1090
aFP4lMNe1) INPRTI100

¢ DYRCI)YaFP4tMMe2) RLARREY)
MHEMM+2 INPT120
Je200s(Teg)oy? INPTIL30
{TEMnY INPT1149
P ®4,1REX INPTL1%9
— ara*gvgﬁi TNRYYIgY
JuJdet INPTELY0
191¢(J)uTSRL - INPT1200
18TYP(J) » [P4 (KK « ) INPT{190
IRE(Y) & (P4 (KK « 2 INRTL200
PE(J), NE,0) s]p o1t INPT1210

""'“ég II.Jflf'gfgt‘%gﬁlflrf‘ilil‘J‘! INPT1220
NX ;23J) » ;:: (KK o ;) lN:;!;!O

NX ¢ ) s (KK ¢ 5) N 4
1) JIeNX{Y, JYSITEN INFY1250
RN i
NX sNX *1TEM JNPT1270
— AtU(y) = P4 (KK + 6) INPT1280
IPOI(J) = (P4 (KK « 7} INRT1290
FNCJISTEFNY INPTL300
——Hﬂj%'wirm. r Y INPT1310
PRBLL,J) = FP4 (MM o 1) INPT1320
PRB(2,J) s FPA (MM ¢ 2) [NPTI 330
— Flill.}Ti 5 IAH * N tNpT1340
16DCLL,J)sFP4({MMeq) INATY 359
DC(2, J)sFP4(MHeS) INPT1360
"""4i38l3;51ifvliﬂﬂoss IRLAER Y
EDCVIL,J)aFP4tMMeT) INPT1380
EDCV(2, ))sFP4a{MMen) INPT1309
o EBcVT%ij?FF?TﬁR&?» INPT1400
S$T(J) s 0,0 INPT1410
TL(J) = 24,0 JNPT1420
KaRKeY met1dsy
X MHSMHeqg * INPTL440
330 GCONTINUE JNPY 430
JJed INOT1469
XK = KK o 1 INPTY 470
K- MH & MM ¢ § INPT]400
TTsJe IREXST TNF{*TFU'
F (IND¢L) ,NE, 0 ,AND, 1TFR ,LE} 1) WRITE 30) INPT1S)0
. t0ES rsaarsni‘RELu«!),tu )E REX, L1E 1%21,3), ‘wnrisio
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3 (IBCV(KSJ:oknch)aIPE(J).!'01(J)olE'N(J).DYR(J)o(J-zoo-(l-l)'lala
]
-COVSUN, THRESWOLD SEY-  REL

] 871X,
11aBiLtrY TIME EVENTS/ ' /74X, ' TYPEY, 72X, Y (UNITS/HR)

(UNLTS) Y,

2 IX,*LDAYS/FALL UNAVA FAMILY! 4p3%,1206,14,111,8%,FA,3,6X,

] ] [ L}
4 JEVENT  NEXT EVENT  PROBADILITY  REPEAT, DATA CHG NO DATA C

e 3 EVENT INDIC

SHENGE VALUE PREC, FaMILY FAMILY UGURATION CVENT NUMREN®, 7,
C'QL 4 1 2 3 TOUCHYP 1 3

*UMBER TARGET IN FAMILY

1

COMPUTER

¢
Y ARSI L) 01303*05'1})"121i0;4xo3l‘t;r510|2!7i|91710.20|9||10”

TINVE INPT 630
399 QIFCITER,EQ,1) Gn YO 400 INPT1640
FRPOSaNEMESS INPT1659
—“"‘N¥P ] Eed7 INPT1660
READC1Q) (FPSCI), 1ag ,NFPS)(1PS(LI),lul,NIPS) INPTL670
0 10 403 JNPTi60Y
400 N v 0 INPTL 690
NiPS » 0 INPTL200
READ [9,ENREVY) INPT1710
] /3 ] 17290
NFP3sNIP3/38 IRLASRATL]
JFCINFPS, NE ,NEMEa3) ,OR, (NIPS NE,NFP3eS8)) GO TO 904 NPTL740

(] 1
408 KR ¢ 2 INPTE280

NN e NATL2?
""'"'TF'TTkUTrT"ﬂE"B"Tﬂﬂ'_TT!N"T!'"IT“URIYE16.li!ii i“"*’ls

8429 FQRMAT({H1,49X, 'EMERGENGY EVENT DATA®)
DQ 450 1 s 1,NEME

[ {RKY
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DYECL) = FPYLKK o 2) INPTL070
00 A0% Jal.17 IALASLLED
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403  NMeMMey ~_INPT1000
. } 1NPT1919
00 ct: J 11,10 INPT1020
MH 3 MM o |NO!]9¥Q
_‘rr-u#ns ‘J.IE s [PR{AH] 1940
MHEMMed INPTEOSA
LODMEL 1)stPS(MN) INPT1969
DY 440 Jal:10 TNT137%
MN 2 MM o } INPTORD
4 r a P ) NPT199%
L (NN T R
TSECL) w [P3 (MM) INRT2010
00 429 Jei,10 INPE292A
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HN = MM ¢ 3 INPT2070

430 o4 i INPT2080 s
_—“m‘.’mlri%ﬁj - INPT2090
430 MM s MR o ¢ 1NPT2100 ;
00 433 J=1,10

YeltcE(J, 1)
439 CONTINVE

N!'!la! s _1PS tHM) jipr2igo
. ¢« 1 INPT2820

KK s KK ¢ 3 IN®T213)
TYP{]0560) 0=} : JNPT2140
. INPT2159

vL(|¢so ) » 24 INPT2180

o
( '30 )- 186¢1) JNPT2170
11 NPT2181
L} {1} 0!60)'1 NPT2199

0 L2 W jNer22a90
0 . INPT2210
NIF(]+360)8) INPT2220
Ce1s]¢300)e0, JNPT2230
0)sl, tvsT240
l.oc‘30|0560)00. 1NPT2250
NE AND TER L INPT2249
‘ oA S ¥, IEOS Y,
% ODHEC M NE(I) lﬂlEOE(J;l, Jul, 10) (lRCE(J l) Jui,10),NDBEC(]),
3 BTEC1), (IPERCT ) san RcEx Jydr,9

’
A83W0LD SETY»/,? NO,','I‘I'AVO SIGMAY,BX, '¢UNITS/N“)'.6xo

2 SUNITS?Y,//7,13,4X
] oT107,12,7121,12,77," ESSEN~ MENTAL HAZAR
30 NUMRER Of HEN &EOUIREU' T724 YCONSUMAALE EXPENDITURE RATE (N
- ;]YS‘NR) DAYS/ DURAY‘“N'.‘!!nghllY LOANY [ T28,

RN

3 ?72|'CONSUNABLE EXPanlVURE RA?E(U"
‘lTS)'971t1.!EHERGEVCV YARGET /7,729, 2 3 S

0% 4 7 8 9 10'.//.[5.2(VY)72.0),
[ ] ’x'l°'4077201°(r3 0’07!150'20‘xcr‘ 26/9727,1014,774,1013)

430 CONTINU INPT2340
WaT.1) GO Y0 451 TN T2350
nrrs-u INPT 2340
INPT2370
INPF2Y80
tPtlﬂbttl NE, 0 Ann ITER . LE.9) WRITE(S,9601) INPT2390
9% RMAT L 4M /s x VENT TYP ATAY 272,
o5 V1V 107X, VEOUTPHENT |V, /7,
2 YVPE lnthl 1ER? .64!.'BuRAY|0N cLAss HUMBER O NyMn

RS REQp’ 'l’

'11,79X ’A A

REHDl 123
o/a' ' ,128%, v/

]
S 1] ESSEN- HENYAL EVEN? rnAxN Nazann',ox.-nquen OF M:N REQGU AR
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8,11 W (LL4a128K, 111 gy 111,40, ICONSUMABLE EXPENDITURE RATE (UNITS)
91,14, VEXPECTED rnsﬁav coNSUnrton',;zx.-lv.,.ou-,qu.
) 4";!' s 7 910 F] 3 5 o ¥

L1 9 10I'./.-l'.tzax.'l'./.'l'.xzo('--).-Lv.///)

NTYPESaN]P5/65% NPT24
WH = 1 :ﬂiT;l;g

KK s INPT2480
L_ 00 650 l-;.NTVPes INPT2499
B3 605 Jei, TNPY2500
IDEStJ)-lPs(HHD lun;zgao
‘ s MeMMe / NP
—80 TR aLatiii]
MASMMey INPT2540
ADUR = FPS (KK) 1NPT2350
ASD « TP (KRR + 1) TNPT2560
DO 610 J=1,10 INPT2570
NREQLJY) & IPS (MM) lwptz;gg
. s 1 NPT 2300
LODH s P8 (HM) INPT 2600
KE = IPS { MM + 4) INPT26490
INT & TIPS (FR + ii INPY2520
MM B MM ¢ 3 INPT2630
0Q 615 Js=i1,310 INPT2640
L] ) INPT265%0
IRCL(J) = IPS (MM + 10) INPT2660
615 MM & HM ¢ 3 N ?
—A83 e Tare oy —EE
MNsMMe1] INPT2690
DQ 620 Js=1,10 INPT2700
s il N 10
620 NN ; nn!o 1‘ " INPT2720
N]GR = 1PS MM) N 7
mhrrm.o HEHHE
MH u MM o INPT2750
625 1QR(J) = lPs (MM INRT2789
TELA 1 * 1) INPT2770
Vl'TE(ii'loERRl9060) ADURIO . INPT2780
IFCIND NE | AN ITER,LE,

J),Jula. 6

1 6:9650) 1, 11 ’ 2800
; Lonnéxe,xﬂl,{n, ¢MREO(J).J!1 10!. !IRclJb Jé1,10), QIRP1(J).J'1.1GIM97?010
1 )

[] ] ’
1 1014-2xozofs.o/aax.tola.zxizors;o) ' ruprzn4o
xn 8 KK ¢ 2 INPT 2859
€ HM + 2 INPT2060
651 RsTURN INPT2R7N
e¥tnv EINEU' <%gpr 0

[} [ ]
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479 ?7P3IN88§011 jNPT2240
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FROM COPY FURNISHED TO DDC
READ(ID) (FP3I(1),1ns,NFP3), LIP3L1) 1n), NIPYY INPT2930
0 Y0 %03 [NpT2040
L1 1) F;F; s 0 . INPT2989
NIPS s O INPT2980

) llln i!.i?!nlNEIlQ!E.!DUHVi]);! s 1a211) INPT2

INPT2
READ (5,SCHEVY) INPT2990
I"(NFPS|NE|N03EI;i).OR,(NlPS."EQNOSEittil G0 10 90%0 INPTR000
’ i 0 INRT3030
lll'itta) Np, NOSE, CLDUMYLL),Ing,84) {NPTRO20
WRITE(L10) (FP3(1),Int ,NFPS 1PXtL),1n8,N1P3 INPT303S0O
—m'LT‘—'*——""_—LA_——"—'-‘"‘%—_- — "'xr:pg¥soao
ey INPT30%0

() s 0
R R HERE-

IRECI)oIP3tNKeL), {NPT Y080

1841 )21P3(KKe2) INPT3090
0 23] INPT3100
RTUCT ) s IP3(RKed) INPTS110

— G Tt

IGFNEL )= IPI(KKe? ) INPT 3140
KR=KK o8 INPT 3180
LITTsFPI( INPTS160
ST NaFPI(MNey) INPTIL 7D
WRaMNe2 NPT
00 510 J = 1,3 INPT3190
nle.l)-lratnn) INPT3200
'll ]l![!SCH!) NPT S210
{NPT3220
910 RK 2 KKot INPTI230
520 os NPT3I24
Y “INP 9
IDCVlJ.l)-'PatHNoai . INPT3260
L, LI 1
S R -
%60 conv:nue I1NPT3290
| ND ¢ [{] 7Pl La?‘ ;) G0 Y0 4999 INRT3300

1:11)
8304 'DIHATtlntoQSlo'SCNEDULED FsEN’ SEOUtNCE DATA'.IIo'FOR'.lQ.
CHEDY 11! T

y L
30 PROOAI!LITV PIECED!NT START  TINME RE’EAYI?OUCNUP'.
3Ky 127 HYPY /.0 NO, X 18 UNITS*, 68X o 9K, %20

& '3-NEXT EVEMT') &
WRITE(S,8860) (

.
00 0600 lltaNOSE
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IF(MOD1,24) (EQ,0) WRITE(6,0501) NOSEND,INUMY(J),Jug,1y)

8600 CONTINUL
) 13018, 18,18,2%, WF6,8),110,F20,2,F 7.2, 118)
2000 IF | [EAR,€0,0) mETVRN INe 13439
o 289,0) INP
1 480
9010 IERR ® INPTR4Y0
WRITE (Oi90§é! 'V';i eg
lINUE) INPT3S00
WRITE (6,PARAM) JNPT 3310
YO 20V INPT 3820
9020 1ERR » 4 INPTIS SO
MRITE (6,9011) JNPTISQD
{Tt‘TI.FEE!ﬁt) INeTISSY
G0 T0 300 INPTSS80
9030 l.ﬂk . I la;‘i;‘g
s 1i1) 1
ull?i (6,EONEYT) INPTIS00
0 4900 INPTS600
s q INPT3610
NRITE (6,9011) INPTR820
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9030 ;lnn -.; 0 INRT 3480
al¥$ ’, galz lngzgogg
' (4] INPTXET0
@0 Y0 %000 INPT 3680
'%‘! '“"“‘!’ﬁii' INPT360
LI =«QUTT b ] 0
RETURN INPTI710
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; INTAB(2, [, ITER) & !ntAatzl,ll]zga) . TNPLY) aUTP1350
: 0 ATPLSS0
Y001A12.Ki-rouvata. )Otuntl) 0uTPL370
TAB¢ TgR A TER) ¢ tWS¢1) ___QuIPs3ng
! 3 . CuUTFLS00
: TQUTALIK)BTOUTALIK)TRS(1] WTPL4DD
: IATABCA, J,ITER) = IMTAB(4, 1,1TER) « DSC]) auTP1410
sQUTAT) DS WTPL420
) TOUTAC4,KIRTQUTACE,K)*+DSCTY UTPI4Y0
o . INTAB(5, 1,ITER) » IMTAB(S, 1,]TER) ¢ TEM3¢(|) . P1a4¢
: sUTK(!t %U'I 5)eTENI(T) %3%31350
: 7001a¢9.x>-rouracs.x).renscx; 0UTPL 60
: ATad(e ITER) u INTA TER) o FaT¢ UtP14?
g UTALS)K)RTOUTALS,R)*FATCLL oyTP1490
% ?Auti lolYER) iH’la¢7. [JITER) & PILI) UTP1809
§ ALTI+PIL]D WTP181H
g voura«r.xlnrouratr KyePI(1} AuTP1820
1 1ATAB l lTER a Lnue(a, LITER) o APM(]) WAL Y]
! Wil —AUTP1S 40
' roUVAtl.x)-touvaca x)0APu¢xl MTP1830
3 IATABLD ITER) e (MTARLY, 1,ITER) ¢ PCOM(L) AJv01840
i “""‘UUTIT*T‘U&*11517733%(l) ‘NJ‘IT!%TF
i TOUTA(D,K)RTQUTA(D,K)+PCONLY) AUTPYISED

17ABL 1,1VER) a IMTABU10, 1,R1TER) o CASP(L) NTIP1999
VeCASP(T) CUTPL8J0
YOUVA(tﬂo“)ltouYACIO.K)OCASP(1) ayrpLéLn

5 : """‘?“T*&*ff‘nT'T{éi%'Jn?ﬁ**l?ii. T ITERT « PERT (Y %3;2}233
{
]
i
!

JTee

8101

{.

1 ot
It 5 pe




, SIS PAGE TS BRSY QUALITY PRACTICARIY
\ FR0M COPY FURNISHAD TO DDC
| 43686 04 09-27-76 _ 14,003
\ DUTAL12)SQUTAL12)6PERF(T]) UTP1640
1 ! QUTA(112K )]0 oPER oute
; ' . 12, Ly + NUTTY DUTPF1660
i ‘ TOUTALL2,K) = TOUTALL2,K)*NUL]) nUTP1670
i . 2010 OUTAt13)=0UTAL13)eNULL) QUTP1680
i T Bo 2020 1=1,13 2UTP1690
. ' DO 2019 J=31,10 3yTPL700
. aNTIPELY) oyt
i' '*.iﬁ};“o: YOUVAUT, J1eYQUTATT, JIZ7FLOATIN) ouvﬁ{%&%’
2045 CONTINYE outeL230
UTACTYsOUTACL)ZFLIC QUTPL7 40
aUTPL IS0
| DALY (1,ND)=NSUCY outP1760
ALY (2,ND)SNSUC? . UYPL2?
, SNFALE 00YPF1780
' DALY(4,ND)SNIGNR ouUTPL 700
l oAkvtslna)-outAta) ouTP1890
: T NOTe0TR(YY oY
; DALY(7?,ND)=OUTA(4) oUTP1820
| DALY(8,ND)#OUTA(S) . aute1830
; JRDYE iy SUTPi8en
‘ DALY 110sNDIaKONC(2) - ouTP1850
‘ oAtV(xé.Hn)-KONC(sn Rﬁ"i'so
) [] |3 Ly
- DALY(13,ND)sCHL ouUTPL 880
: DALYL14,ND)mOUTA(Y) ouYP1890
’ [] autet
! 0‘53‘16'"?"°g;*‘°’ ouvzngxo
DAL %7|N° a OUTA(10) pUTPL920
' [ 'Yk4) mwl; 930
DALY(19,ND)aS! uTP1940
DALY(20,ND) = NPRFM({3) TPL950
] [ ] 34 1
DD:$:G22§N?)-N:§:; oUTP1970
ALY(23,ND) = HRS QUTR19810
r————ntm'r'm ] TUWT‘%‘U‘
DALY(25,ND) ® MAXST aurp2000
OALY(26(ND) = CMLMX ouTP2010
TNOTSPEFT BUTP20
DALY128,ND) = TEW ouTP2930
DALY(29,ND) s SFDIFF pUTP2040
. L ] L ] 4 ouyY
DALY(31,ND) = USHY aute2060
Y (32,ND) = 1SS QuUTP2070
T AUTP20AY
DO 2034 1=1,10MAX UTP2090
cUTIsCcuTl + cuTtl)y MWTIP2100
T Ty TSI
2034 gARYllCAR?l e CART(D) auTP 2120
NREJaNRE] * MR oUTP2130
— D0 2032 131,10 AUTP2140 h 3

B-102




ey s

St e ;
’ g

IBISIHUZElfiB!S!?QUADTTY!&MNCTICABLI

'I;; FROM OOPY FURNISHED T0DDC ; E
AS888 01 _09:27276  14.0A3
ADALV(I ND) = xouc«x) DUTP2180
al 1) QUIP2160
c nue oUTA2170
oo 2023 J-x.xo QUTP2180
OUTP2190
oJ. nY-YouvAcl.J» 0JTP2200
00 :oza l-x.ao oUTP2210
0 2 QUTP2220
wCLYDIR(d, 17 + GLSDTAiJ,1) DUTP2230
2022 GLSDTI(Je1)scLSDYI(U,1) o GLSDTACY, 1) pUTP2240
PLIND(S) 8T N TYR QUIP2259
. O 1)e oUTP2260
FNTE & NPRFM(1) puUTP2270
NLS1INSUCE NS puIP2280
s * +HRSE aurTp2290
t:(;t-rtoat;Nr;Lt’/rgtsgxoo.o WrP2300
3(2)'fLOA (N uc;,; NTE#100.0 nUTP23
»100,0 ' QUTF%!%%_
TS(O)urLOAYtNlGNR)/PNTEolOO 0 oUTP2330
13¢50 eFLOAT(NREPT) /FNTE#100 .0 2y
202¢€ Tai,10 oUTF2350
IKONC(1)aKONC (D) WTP2360
2028 CONTINUE ouTP2370
WRITETE,9984) ND, IVER, (NPREM( ), 101,4) NREPT,N1S1,NFALE,NIGNR, UTP23%0
L TENL HRES, HRSR HRSE , USHT, APA . SFOIFF | DUTR2390
4* (361, 181,%),S CML PEFF, TEN, REPTH UTP24e
] ] [] [] * [] R
3 s (KONC1(1)s1u1,40), LTIRONCCL),181,10) nYTP2420

9984 FORMAT({SHINEPORY FOR DAYIS t{Hy ITERATIONII/Z49H NGO, EVENTS==TQTADUTP24

: ] ENE CY¥ld,1 EATIUTP 2440
s:4: 2H  SUCCESSESIA)14W rAlLuRE§%4.10H lnuoaes:3/gau HOURS UTP2450
svoaxen..-totALFo‘ W SCHEDULEDFG,1,8H REPALRF IH_ EMER 0UTP24

l/ 8N PERCENTAGE or--.raltunsrs 1. 18H  SUCCIUTP24%0
s. x§t TRYFS,1,150 ° SUCC, 2ND TRYFS 1GNOREOFS 9H  REPEATSFSAUTP249)

’ ’ 3L A
Q F8,2,3100 PERF EFF r’:l.&" HAZARD,F7,0,° EOUIPHENT REPAIRY, WTP2310
8 t TIME t.F4,8/ a 3
AL L
A9N ON EVENTIQo20N HA!. CAL, EXPENDEDF° 0.9N ON EVENTIQ.&ON SEA STﬁUT'?SOO
BATE 13/23M CONS, BAL, (UN1TS) 10177234 CONS, BAL, (UNITSZHR) £00uTe
ro [+ BUT';?&O

o N e ene

7

WRITE(6,99R5) aUTrP2%70

9989 FORMATC12SHUMAN TYPE PHYS HOURS MWORKE P 1 FATIGUINITP2S
O] . )
k e /74K NO, 110X, 4HCAP, 4x.12HPR!N 2ND (25X, SHINDREX (2X , RHNORKLOADIITP24DN
: ‘ 329X 4ncunl.4X.susucc.) MIWTP2610
! 1 1=1,]IC WP
unxtE!6.9987) LoIPSUI),PCCLY), THPLE), tHS(t).ne(xﬁ TEMSCL)LFAT(L)  qUTPRG3D

{4 !;l)’upugx‘!ocon; ASP PERF( utP2649
ALY D N A NLENAND .2. 10,2732 0

KT 0PY b 3 S - 2 =5

WP e .

8103
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; SRIS PAGE I'S BEST QUALITY mmm, | 3
K FROM COPY FURMI SHaw iV vov by
63686 0f 09-27-76 14,083 ;
L L T KRN buvva:;o }
1 ayre
" 188, 2 OOYRTTZY, SUTR{IYY ndTF%‘I%_
3 9908  FORNAT(OHUAVERAGES/9H PER MANF11,3,2F7,2,F7,1,F8.1.F9.2,F8,2, WTP2690
g | 1 F10.2:F12,3,F12,24F9,2,F10.2) ATP2700
y | ' ) AWTPITL0
; 9989 FORMAT(LHO//L7HOAVERAGES BY YYPE/1iH NO TYPE) ouTe2720
DO 1998 133,10 UTP273
s Ul
IFtR,EQ,0) GO TC 199s oUTP2750

WRITE(6,9990) K, 1,(TOUTALJ.])
[
L P, 2,F0,)

WTP2760

ouTP2769 :

1993 GONTINUE oUTP2790 3
| 1 X LTI, Te1,10 : 3800 :
;§ 1996 FORMAT(//4H0, 'DATLY PERFORMANCE OF EQUIBNENT1.r, ' oUTP?810 j

TXq'AVG, REPAIR TINE U PERFORMANCE ¢

] Y,
3 7000t X, 12e3%,F5,2,9%,F5,2,1%,F3.2,2%;F9,2,? "))
lglk'(l)'ﬂ.

AQDT(1)0,

ACUTt1)s0,

DEPEFF(ND)=EPEFF

T Bg“!I!B Ta1, TOHAX ouUTPEEse
ACART(NDI=CART(1)/71QMAX®ACART(ND)

ACDTIND)SACDT(ND)+CDT1)/10MAX
T .

2190 cgnr NUE QUTP2920
MRITE(6,1997) ACART(ND),ACDT{ND),ACUTIND),AERL(ND),
Y
1997 FQRMAT(LHQ. /7. "AVERAGES ' ) 40XIFS 2, 5K,FS,2,4X,F5,2,2X,F5,2¢ auTP294n
X,F3,29) :
AN 777 SVS !

SYSTER RELTABTLTYY LEVEL '0',.!|Iula BUYPPYSH )
: ¢ 2 ' SYSTEM PERFORMANCE LEVEL *WF5.2,10X%,! SYSTEM EFFECTIVENESS NEOUTRP2960
* c SABURE 1,F5%,2)

UTP2970
12499 ! 2980
2459 FORMATCLH, 'SUMMARY BY EVENT CLASS',/;' EVENT NO, OF  HOURS
ANORKED  =~<<<PERCENT OF TING-==% PERFORM, AVQ. FAILURE!Z' CLASS
: TS Fl%l L i ; ‘
: 3 DIFFERENCE') JUTP3P2N
: 40 {s1;40 NUTP303D '
T CE. T, BUYEYGIN '
: DQ 30 J=2,9 OUTPIO0S%)
; 30 CLSDTA(J;1)® CLSDTACY, 1)/CLSDTALL, 1) AUTP39 40 |
N ag, W‘\ |
§ IRERCT(J)eCLSDTA(J,1)0100,0,9 AUTP3089 l
3 33 CONT INU TP 3090 »
2 " » olla o 11 LLSDTALY, TY, . llY)
i IPENCT(2), IPERCTC3), IPERCT{4), IPERCT(S), UTPIL1D
ELSDTA(S, 1),cLSDTA(S, 1) ATPIL20
) 1B 1 Q0P V.2413,216,18, ¥V9¥,2,FT12.2) TP IL A

b i N 2y S 1V

| - 8-104

| S—




 : **H1S PAGE 15 BYST QUALLTY PRACTTOASIE

AVE, MAN OQURS SPEN auYP 3180
cevscases END OF DAY AVERAGES=e===s===w [NDICE32UVP3290

FROM COPY FURNISHED T0DDC  —
ﬁ 83480 01 099-27-76 14,083 co

4 40 CONTINUE UTPIL40
£ RETURN QUTP31SH
3 oUTPYL 60
£ 2030 WRITE(6,9029) ITER,NDNAX aurPIt?a
; FQRMAT(Q21HIREPORY FOR ITERATION H_OF13 Y M]15S10Nqe=s nyyes

:

1

g

olsx,aasn sucy s°°§ FAIL LGMORE Pnln. SECOND s;;gr 1DLE aUTR3240
8 AYS LD WMEN L APA FAT, a NLTH SFTOUTP3220
ev2) ATPI230
: B ’ I ELIY IS 0
¥ 9030 FORNAT Cl‘olxaarg 0.,F?, 004f7 !.2‘!. FB,2,F0,2,F6,3,F6,2, DUTP3260
P Fe a.rs '2F6,3) 2UTP3I270
TP 3280
voroo.o oUTP3200
433 zas; ani,uongx ou¥Piigg
) ou 10
TOTeTOTeDALY (Y, . oUTP3I320
2083 llten(J.lYER)-liYsl(J.l?En)ooﬁkilJol) 2UTP3330
B <0%¢ Js1,d : ouTA334D
2036 lxten(a.lrenanlltencJ.lreu)rvovo:oo 0 UTPIISA
0 2038 Jus OUTP3360
AX oUTP3370
2097 :lrsatd.lten»-ttvencJ.lten)ouAchJ.ls auTP 3380
2038 !!rea(J'lrenl-xgrgnca,x ERJ/FD **83;;3*%*-
#‘Eﬂtl.nsm = KONCUL)/KON(T) #400,0 aUTP 3410
EN = noucxt ) UTP3421
' . *100,0 SUTPFYYD
2061 CONTINVE oUTP3440
: DO 2060 Je12,19 oyre
{. 1) NONKY 5
2039 TITERCY, ITERILITERLY, xren)'oauch.x) 2WUTPI470
2060 llTER(JolYER)'llYER(J. TER AUTP 3489
' VoIl
9031 FORMATCLH /8K, 22HesPERCENT 6r Ale-odX, ' AVERAGE 'PER DAY PER MA
)
[] X4 ] u b
DO 3010 JulsNDWAX - 2UTP3S )
0Q 3U33 lai, 2UTPISe)
0 e, SUYESSTY
3035 CONTINVE UTPISED
WRITE(S,3040) CIPERCT(1),lng, 100 ouTP387)
“SGTB'TUNNTTTil% S%N!. Fit.LiﬁﬁlYiza*» 101H
3010 CONTINUE AUTPESHN
l -
3043 CONTINVE
3 ;lco!’;osg) c!rencrtl%alox.ao)
FORRA [3 N NAL 2101 MTPRECD
%
3
5
S B-105
L
.1
T
P




THIS PAGE IS BEST QUALLTY PRACTICARLS
FROM COPY FURNISHED TO DDC

65686 01 09-27-76 14,083

DO J020 J=1,NDMAX qUTPIESD
WRITE (6,3030) (IDALY1¢1,J)31s4+40) AWTP36S
3030 'U“""!Z‘ﬂ CONS, BIE:‘TUﬁIIS) 1917Y nurF!KT*'
3020 CONTINUE NUTP36%0
DQ 3025 I=1,10 NYTP 363D
s +10, "RY)e, AWTPIZ700
3025 CONTINUE awrP3?L0
WRITE(6,93050) (IPERCT(]),121,;40) ouTP3720
“WRITETS, 90315 0UTPX730
90315 FOQRMAT(//9X)te==eaNUMBER OF EVENTS=3ece AVE, MAN HOURS SPENT o,
3 tREPAIR  MaX MAX PFRF v X, *AVE,F NUMBER UNMANNEDY
) ) A H] : 3760
3, TIME STRESS MEN LD EFF, MAZARD DIFF SUCC, 2, 5%, ouTPI77D
4 IHOURS  STATE'/) QUYP Y780
DQ 2062 J=1,NDMAX oUTP3T7%9
DO 3050 1s1,3 nUTP 3890
PERCT(])sDALY( ]3P, 4)*,5 QUTP3IB1Y
"!U!U‘éUNTTNUé“* ourgiibn
IRERCT(4)sDALY(30,J) oUTPXA3D
C C WRITE(6,90316) J,NOSE, (DALY(1:J),1220:23),RSSUC2,DALY(24,4) nUTP3840
’ ' JY, 1=25,3%) OUTPYBS0
WRITE(6,90314) J,NOSE, (IPERGY(1),121,3),0ALY(23,J), oUTP 386N
1 RSSUC2,DALY(24,J),REPTM, (DALY (],J),1%25,29), OUTP3870
2 [PERCY(4), (DALY (1,47,1%31,32) ouUTP I8N0
0Q 2062 220,32 nUTP3IB9D
oUTP3Y

1TH xarencnilrenn x 1!r%n-1 ITER) o DALY(],J)
» 1] ’

1201

eivaIR, [] (LY Y] sLlAWT %0008,
1'002:OX.FQ.2:3XoF5.2:3X;F5;S.JX;F6;2p2X:'5.2.3xi .14}6X,F6.2;F7;1)0UTP39?D

1n

DO 2063 220,29 OUTP 3930
- 2063 ’ s ERCL, y/F AUTP3940
TITER (32;1TER) = I1ITER (3271TERY/FD oUTP3930
.1I1TER(31,|TER) = llTEn(sg.l!en)/rn AYTP3IIAY
0 1HO, ¢ /DAYY, 0 17,164F9,1,
4 F6,2,F5,1.F12,2,2F8,2,
2 F8,3,F9,2:F7,2,17,F12,2,F7,1)
00 %560 Te1,3 nNYTP40I)
2068 CONTINUE TP4OLY
TRERCT( ] s11TER(1+19,1TER) WTPag20
ie’T“n-%upfﬁ7Nn AUTPAN3N
RSSUC2nsRSSUC2/ND ATPAD4D
RSINT=RSTOT+RSSUL2D
wCT{d)s 130, ) JUTP4059
WRITE(s,90317) NOSE,(IPERCT(1),1e1,3),11TER(23, ITER) ;RSSLC2D, UTPAYAN
i [ITER(24,1TER),REPTMD, (1ITERC],1TER),1525,29), |PERCT(4), JUTP4079
H (II'EF(I.IVER5.|-31.3§S AUTP4DAN
WRITEC6,9034) JUTP4090
9034 FORMAT( /// 3O0HOAVERAGES RY TYPE OF PERSONNEL/) MUTP4190
1 9032) AUTPALIN
9032 FORMAT(  127HQNO, TYPE PHYSICAL HOURS WORKED SLEPT INLE Fa
{TIGUE HEALTH AVG PHYS COMPETENCE ASPIRATION PERFURN
1 /714X, 4 «4%X,1 M D,25X,SHINDEX, 2X,

8-108
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© THIS PAGE IS BEST QUALITY PRACTICABLE
I ‘l;‘ FROM COPY FURNISHED ToYDE ~

.
$3606 03 09-27-7¢ 14,083

g \
. 3 OHWORKLOAD, 30X, 4HCUM, 13X, SHSUCC, )

.._-_.‘4_..
-

A 0_206% |=1,NDMAX QUTPAL80
g Jel,d nUTPEL70
3 K;NTI!EtJ) , AUTPALS)
4 [ ) 4!9“
? s 1O,F18,3, 1 @aF 74,0 0,1,F9,2,F8,2,F10,2:F122,3, 0
L F12,2,10X,F9,2,F8.2) oytPe210
: éoeq KKud 12 oUTP4220
4 ENTRKed, IVERISTITTERIKK, 9, STER) S TDALY (KK, J, 1) DUTP4ZS0
‘ 2063 CONTINYE ouUTPe24n
% 0 2067 Ja1,30 . UIP4251
z ""“‘3‘NT¥F!T§T“"“' NUTPe289
# "':55:'?’ oo 10 2007 nuv:tgro i
i QUIP48D
ke '!IIT"?T e s s y/FD 0UTP4290
unlte(o.ooox)n.J.ctllteat ods LTER ).lt:.tzv AWTPEION
9998 FORMAT(14,19,F21,3,F30,3,2F),2,F2,3,F6,1,F9,2,FR,2,F10,2,F12,3,
[ L] (]
2067 cout:uu: QUTPA33A
; ONTIN aure
. . +C0TT) oqu%gég‘
: T3(2)CARTI/ZFLOATCNRED) UTPE3sN
‘B asnra.neuvn * T3t3) NUTP4370_
* T3(&) pUTPa380
lre:nocr: EU,0) RETURN ATPE390
NRITE(S,9 79) oUTP 44
7y dUTFadL ’
§ 00 2072 lai,12 oUTP 4420
K 2072 OUTACtl)s0,0 JUTPA4} :
P i, U LTIXT] ;
E . DO 2075 Jui,i2 DUTP44SD
: : NTABCY,1,ITER) u IMTAB(J, 1iITERN/FD QUTP 448D i
i 0 0 nr ) BUTP4d70 s
: 2080 WRITE(6,9991) T,1PS(1), (IMTARCI,1,1TER) jJug,12) NILITIY E
; 0Q 2062 [si,$2 QUTP44)
'utro'aﬂrrr'&urunnuc LALL
3 WRITE(6,9998) (OUTACL),)let,12) TPASLD
3 99e F nnuv«xoquvenAoes NUTP4S 20
1 ' W1 F12,3,F12.2,80X,F0,2) ‘
3 WR11E(6,9997) ta(x). 1312 nUTPASSO
3 evvg7 P%RNAV(II‘NOE'EQU!PHENY ngng r;n; eevuien FAILURES *,F8.3, ny;ao;og
i AVACARQ,
A AVAGD®O, |
3 ACU=Q,
"‘EP.O. ‘
3 i AYDEP=0
}

sl
AVACARACART(1)/NDMAXSAVACA

Q;AEDQAEDT(‘;5“8"‘!0&;&53 —_—




SIS PAGE 18 BRST QUALITY FRACTICARES
FR0M 0OPY FURNISHED 10 DDC .

$3666 01 092776 _ 14,063

AVAEPRARPL (| ) /NDMAXCAVAEP
AVDEPDEPEFF (1) /NDYAXAVDEP

WRITEL6,2199) AITPESB0
00 2084 121,40 - ouTPesRn
: L )
oo 2083 Jedyd . OUTP4610
83 CLSUTI(J,1)e CLSDTICJ,1) ¢ CLSDTICL,1) uTP4
2083 ELSUTIC11e T 3
lPERC?(IfN,'CLSDTI(l'H‘lol)‘lOD.'.! oUTPE84D
2090 conrlnue OUTP46 80
[ 1]
L LIPERCTCIFM), IFHE1,4) ,CLSDTI(81),CLSDTI09, 1) ouTP4s 70
2004 conr:nue . UTP4es
“l"l [] ] 1 ] [ ] [} ] []
b l!onDAVS)
¢ EMTBF (1) DEMTTRE]), I a1, NDAY
777, AYTONT, TS 77,5
!DAV AVG REPALIR YINE/EOUID vP Pearoanance'./.
x, ‘expecten UAL ! TIME €, EFFLCY,/

L L 75(0.9005) lVACl AVACD.‘VACU.AVAGP.AVOEP

9808 FORMAT(3H ./.'kvc.-. F9.2:F31,2:F10:2,F9,2,F6,2)
'L“IETUIN HUYPaTVT
ENTRY OutP4 UTP4Y00
FLITERe | TER BUTP4710
”"“"'UWITETI'F!!!T TYER, NBHAK dutPa¥z0
9353 FORMAT(18MIRUN SUMMARY roals.xtu ITERATJONS OF13,12H=NAY NISSION/OUTPA?3A
4 127N JTER NUMPER OF EVENTS AVE, MAN HOURS SPENT UtPaze
l covanecnvesi Nogensunsnae q
2/8%,12%H SUCy SUC; FAIL 1GNORE PRIN SECOND SLEEP  IDLE UTPeYa0
3 YS LD MEN GORP  'APA FAT, ASP NLTH SFTOUTP4?70
s vaa '--‘ .‘ DAY?X, [ DALLYIY)
] :8w21°’ Le1,32 18X, 15HAVERAGE PER DAY) 23;:"°°
.}, f 4
—rros—Suratiish e
DO 2110 lsg,1TER AUTPER20
alte«t.oss ]

.lﬁ(ll'QR!J.lllg ‘F.L’. 0yTP4assn
’ '20F6,.3:076,2,F4,24%3.20 ILLIT]

’
1278, 2) WTPAASY
D ? g ﬁ|§i TP4A8EY
gU%* TJ 1) CIALTY YA
oo 2109 Jul o0 LD LITTY)
OUYO(J) . OUYQ(J» o JITER(Y, OUTPeRDY
. . «10 AUYPEOY

2109 coutluus nNYTPA9Yn
2140 CONTINUE ATOAPD)

PO ZITS J¥I, 32 ’
2313 QUTACJI)ISOUTALJ)IZFLITER WTP NN

RITE(6,9957) tOUTALD), letin),t0UTA(L), I n32,10) aYrP49s)
r'v337—r§nn11‘1ikutvthu!!7rvt&t¥f5&7 NIYPavEy

8.108
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L AEUR s S

L .. fuits pacx Is Bast Uity Plattreascs ,
"! ' {ir FROM COPY FURNISHED TODDC o
;5 $3406 01 U9-27-76 _ 14,083
B :
! 1 Fo.2) 5K 378,41, 5F7,2024X, F8,2)F8,2,76,3,F6,2,F6,2,F%,2, ourzc'ro
' " 1 104,10), (T Ted,10),(T, Jal),Jet, 200, : n
¥ l{ ER aUTPS000
i 3070 roan Y7 con80naages BALANCE = PERCENTAGE OF OR]GINAL'/§6X, AUTPS010
& )" Ll LTINYA 1,1X,1016,4X,1016)/7,
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APPENDIX C PROGRAM FLOWCHARTS
This appendix contains the program flowcharts for the digital simulation models as follows:
®  Appendix C1 - 1-2 man digital simulation model
®  Appendix C2 - 4-20 man digital simulation model
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APPENDIX C1 - PROGRAM FLOWCHART
This appendix contains the flowchart for the digital simulation program.

14
RERRTLEANS S R VR

TR

L pa




A e e e e s i Y

SRR Y

? 3
i ¢ 3
' FOR EACH OPERATOR: FOR EACH GROUP:
gsgp e
§ ]
i READ IS THE SORT SUBTASXS ARE THERE ANY .
Z START INPUT Jos Ton 2 8Y J08 ACTiVITY SUBTASKS IN NO ’ -
§ , — ™ om W‘m YES | Group THIS GROUP [, 3
. GIVEN ? ! '
3 , ENTER MAIN SIWLATION st NO .
vES &
; § IS AN ADJUSTMENTY NO
? IN GIVEN SUBTASK >
i PROBABILITY CALCULATE CALCULATE
- REQUIRED a3 TOTAL AVERAGE
{ YES POTENTIAL [ INCREASE OR
- INCREASE DECREASE
| CALCULATE NEW RECORD DATA '
SUBTASK PROBABILITY ‘
lepini ON GROUP AND LAST eroup?| MNO 3
FOR EACH TASK CHANGES TO : 3
ELEMENT IN THE > A
. GROUP . TASK
& Yes

ENTER MAIN SIMULATION

Summary {low chart of preprocessor




=

READ 13 JOB OPERATICN ENTER MAIN
INPUT il TYDE SPECIFIED ? bt SIWLLATION
DATA ROUTINE

4

ves |

A N
INITIALIZATION FCR RAN GO THROUGH TASK DATA INPUT TO
(RELIABILITY AND DETERMINE ;

MAINTAINABILITY) ‘:ﬂ NGzMNQ. OF SUBTASKS 14 EACH OF 3 GROUPS

; DATA ADJUSTNENT PG: CUNULATIVE SUCCESS PROBABILITY OF
TASK ELENENTS WITHIN EACH GROUP 5

J

]

- DETZRMINE WHICH IF ANY WRITE FOR EACH OPERATOR AND EACH JOB
‘ {RE ADOUSTN NOT ACTIVITY GROUP JAG,NG.PG, SPOG, AND ICE
GROUPS REQUIRE ADJUSTHENT (ITS CLOSE SNOUGH INDICATORIFOR THOSE

OF PROBABILITIES TO MATCH REOQUIRED
DZSIRED PROBABILITY. GAOUPS NOT REQUIRING ADJUSTMENT.

{4 = .01) OF GROUP (SPOG)

REQUIRED '
4

FOR EACHM JAG REGQUIRING

ADJUSTMENT CALCUL “2 WRITE REVISED DATA FOR EACH OPERATOR FOR
EACH SUBTASKS INCLUDING NG, OLD PROBASBILITY,

+MR = NG, <POG NEW PROBABILITY, SPOG. GO TO MAIN ROUTINE

3

; FOR EACM GROUP: ;

. IF NG =i THEN B2 3P0G YES b
FOR EACH GROUS:

i | AZIDs E (TNR-TBy)) No .

! TP (1, -B)) ARE ALL [PG-SPOG| 2 .0 .

FOR EACHM TASX ELEMENT IN THIS GROUP:
7, +u.-'6i|uﬁ9.)

P’ilz ’” ] 3”

Basic programming elements for preprocessor

i

_"(

i’ | 2
1

ce




s st A SR

THIS PAGE I
FROM COPY F

Main Routine

& BEST QUADITY PRACTICARLE

1wes CORVER €1) 23000« wpotiree RN Q. 8 ISty )0 e —————
1000 L T TR ey oTTeg fyr 0.0 J 10w rgeee TOINT (11 ng.a
stenserssentse [N cowme s ees. (LT N rorvet casnn.e 19U 1ad o9 TYaNT rgieg. 8
nawges. l | meueee thegee 1000 tgrag
aeeear 10 19 atrtar 0 19 I8 S0 e, t0b tasvetl . sren
en on ATty v en. 8 lavets.Jdeg m
191000000300 F IR | asPeit. srou.0 ‘ afit.Jeg 1
: E SV RPIL N Y et . i ee l
)
~ l [ l I 9 l
I :1 e g oaPtar 1O 3 cowras
1 . conrrmam rour sor pretiist e oveinme
team . freyiret.o.e. tuly o CONECTER (T8 801s

tupnatroy

1MeCe tid 00
1ongte 10 °0
e —

CpP

C?

At bibibliang

WP IO ORI

SR

=

- W




R Y, D

Sy AN AN Y e by BT

T )

S o bt

e

B8 PAGE IS BEST QUALTTY PRACTTCANR
FHOM OOPY FURNLSHED T0DD0 oo™

[ae]

fetvant iy
(Sningen
1ecep
120 Tammisns

®w
1000

\dad
L

Crtma PR b e 1)

bt ZY LT VYT

Al T2 1 W'Y

o 1 ey

Wavhountfuy ty. o8
Timg ) og.

1NRey
Rl il g TTI Y
Ledilinl Leade ]

10UV it 100y I
1009
£9R0T0 ™ 51401 wpn RIETOW 0S¢ S0V TR 45, s0p I 1
19E740 18 48090 00 v Myt L~ [ Sp— w0 1o ;] rOwensiOaeney
AUETY (%l S8 200 ang?® 12 . 20 L L LTI T VYT vasm e .
NEETS %1000 sy P (2. ) vt inay . 2




R T T

A BB oo uania, - o
Sk TSI B gy PR WY e -y e i

]
<
:
5
T
< i
d
o
M .

B S (oo -ﬂﬂm

A o
S re . ) ;
THIS PAGK IS BEST QUALITY PRACTICABLE ,;
. o~ I
H FROM G0rY FURNISHED T0DDC  __- :
- S
i
¥ i
B w 1
! "
same 3 .
A
ol
regs0, 08, THEES 1T, 00 mmuum:n.n:?x.u.mm o %o tod coim ‘L
vs
A AR
NN Auives
i ot f"H PO IR, PP R R, 100 Fotmrdindt
w
é . "o
TOITHE (IR LTI STOPTNE towst T)oPow s T) o W sl T corvren T Y
Tt T ey 7
PN
; 3
! X .
: : w n
4 el
- v
3 amep ey,
. o watveseare; 19 Hn g n-l %—4 PC) AL Pava 428 )
: , e . X
; w0 re
: ore
: Ve oo I s [
3 . . TroMmava casb =Tty
8| 270 051 €L SWD0SD il dnbedd LX) teer Cremennan  f—
- hichindebdduid reaey Thema Nty o0t
§
=
!
*
M K3
B
,;:
H

;
3

e IR 4 2y gy

{. co




76 BEST QUALITY PRACSTOANER
g:g:mxsum 00 e

ast o
0 ro
2009
(o]
1" ™E vaLug
l Lead LU FITT TS rrr o eyem H M eggtes. o '“0
s
.
e

M Cisinrgpry

AMNIN ey,

PIRE 220 2eW 0222

SM I 0%, 8.
[T TV
P
w %
[
e s0 0 3
17 Pk o\ angrey se0d 2ongey
* 10 » E3B1T. 90 et (20 Lraded
19 orarewmy Srenn T esre. arcon W
' L] et tsimg,
e ”n
[}
- 4
LIPS ey 19EVI Cot 2000 opp HOETYIS MILIL ) s Yy teh. o0
1307¢0.4) ,mg. ¢ 1987 ML an) o NIETP mEsLymr w TR 1) 2 WL et
18RV M1 )2402 04 NORTE Lt gnr mvety i) o) Lo LR T JY TN
198018 (128001 030 RPRTP UL SE I o TO (10 . g0) | VTP CLB. 20 vretan t) .oy

unnu-.anm'uu.;Hu ] uu]

C10




@ e

L B
I 00 l
‘m‘... hdd ﬂ::) COMLAY $4) oCOPRS 15 . 53
» » el SUBICTD 11 - 27 AQUIACN (T . 2V SCDNES C5 . 90
. 3. ‘
CERLL. JIPIISTRIIOPIR 1,8V 00 ), 03/ L IDTANE)) SITHNISPY b a g . OF BN I] . 45 SN (. J0 ey
| o
nd

sras
™0
2000
TPAELE.J3 8o O (B 1908C 2. 4) L2, IPRECIIS) tyets ) m,] l,..,.,,,.,‘
teoem

[ -

l__i SR 1201 LR, STHN(IP) l-m{.mnm-unu»-..uuvnun-m M 80.2, 2009 €12 00,
Lo ! OK (41 0ANOS CTICL) @ Es2

L—qwunm-anuununuﬂ-—tomuH""" <40 wtn 18D [Ty T
b T A7 TE T ]

TIUP (2) oW 0 )2 00RO €}
ror €1 AT (gl e IICS)
TPt aPAP (S0, 0 '.'"::‘”"‘"":. 4 —{m"nml"nom “w

CHAI P2 aCunl T L) o TOTYRE 190

u
L] !!!! SO (I (I3t )/ (9TR(IImL. b

Ly covrime H-mlﬂm.u‘-s’l"" rm—-a a0 . o ™ 3000
TING €2) STRUIIAEER () P TN 1

BLOCR14) 2. 0.0

i et

B vy ¢ 0 SN

e

NSO

!




R —

kY
ﬂ
H

k!

AR St .

.

kg

H
3
F

s,

THIS PAGE IS BEST QUATLTY PRACTTCANLE
FROM COFY FURNISHED 10 00C oo

e o

Aty At 3wt ag,

i ey -ll'.m‘lnut-..qmuto'.ltﬂhnml"uhlh-unnuhn..nnv.c
*"a 9 ™ saog

L L 177Y 0 S Me(gp

I "o ' 000
T rerrprryeeverey m

po— ;

, R L [ v ]
Lw-m-w uwu..-nmn.uumu_n-uvnun.u.m"..u m m P

Iy

D)

d
AW ey A LTI 1IN csscemney) ouuuunuu..mul 1. -Ll-h“ﬁ%

) £

Covprme et LI W~r Py

ol Pescrme
ML I SANAEL (PR 0 4) , Metwp

A
Nll‘ll.n.".'\ e l.ﬂ.l'ltcul.;-r

La 27T} reytiiering ey

"lll.‘l’..'ll'

c12




TQU
GE 1S RES Q 70 DDC

THIS PA FURM SHED

FROM COFY

s

[Teore | l‘-‘lm

TR At PR ey H ““'"'H:—" «n] s ta0) et gr 0 10 s
TATIRE (40} SPOTVY [0V o I

Mamigin
1B tiot. 4P SIANEN Tioy S0t

INas sV Yy

190 (EP= ). SR SR 110y, JPY et 00w t0

d .
1 ool I
170009 11 41 0ivetar 1 v ey """-"‘“"‘“"va Sretrase s ey ) ormen m}._.l l B

— m—— |
g . '
ey
Wty W, 104
Pwitad 4T, PeAwA 120 W“"' 1 w0 med 16) 1t tey o, 91
—‘l Wt 1wy 14)
& ey —

13




e it e 5 Pt el ¢

w0 o

080
res
AST3(3. 0237013 . JicavbeTREN » "
PPttty stragd i Ll P T T ROTRN T T T
P
e

[

VORI, 20 80, (B0 H SUITE (18, 48D cQUNTS (10, s oTINE ta0) 0 10 s008 l AR J2 AT Jd eI

JAVE (L. JPOLAVS 1. S0 01
pa—

TPPREL. 40 0.0, 00

ALPNEL) man (300
ALPRC 0N nutn, (400

WRETE (. J008) §. TWAR L. 30 . EBB (1. J) . STR (L) . AVBOTR 1) . TOPTNL €0 . PIME £4) . TIEYD .OF @ o
. 7L CONRO 1. 2D AP hbae

[om]

WRETE 1S, FOOBIALPN. 1. TYPR 1. 20 . B38L0. 40 . ATR LI} . AUBRTR 1), FOTYWE 432 . TIME £J) . WU conTram
I0.07. 900 .CaR 2. 2D

tsavtes
190GC t4) otong el )
TOTTY (1) o TATING (4) o POV TNE 1))
Ot ) v,

271 . 0.k t0) Lateneg

G4




o ke el Sodi Ak <~

e DT SY A A SR AR RN BTt A B E N e T

ot o et L s L S O

L Y NS = s

e TR S

|

| .

‘ ,

;

‘

‘

,

,

H

|
x
‘
£
i
¥
:

A o e

{

PR
X

i
1 e
%
sasr »
R g
9000 |
& K
A ’
L LRV IRY N R1 H;.u;ﬂ-”
E
s
l [ |
" | trewerncta.om
17404 (45 ngP
n-.n..»unuul-n R

4 [Come | [e]
;uun.u.nu-un}n_b o ,...] Tt 1.0 pogey "“l I._“,".‘. |:¢.m-a

s

s
lfx
[ELL2 0 u.nnuuﬂH:ncuo-»n RO 184V M0 TYPE (16 . Jp) W8 MO, (D) i) vy

g 1
m - E
> 10 1090 conrrma "n(MM"D.ﬁ-l.ﬂ-’ln"l.'-%.‘"” E
3
'i
tog

i

:

i

i

i

]

!

c18




RIS PAGE IS BEST QUALITY PRACTTCABLS
FROM COPY EURNISHED T0DD0 ——r

LT )
e
SPAIC {1 THRS 0 ¢7L O F MABIPUCE /04, M T € TER) $ O4 00,
~ G PLE I € o § Mauu:::::v::;::.mll"
18R IIP. 1 olPArIIF. gl ey

WRITR (1O, 00NN . STRNIRS . IPENP IND . Tava W) . Tany 1) . BT, TOPIRS M) . ISWID ON) . STND MY m m

SRR LR 488D . Cwal T oRI

I

e 1
000
ol
et 7O s0te aLeqoRY tasate NI IR R BV RIALS [ _ssee |
N Ese .08, 0 ] "t iNrs mpat) L L LIRFIY  tc [ YTTH! m
KI898, 808, vse MEIF IS KBNS (agAL) NOTP ISR 01 SR TIS R 1AL |
/
u M wee AT LA PRI o 1R ) e
w0000 P I L LU _—"“"":‘:,‘f:::‘ jald
asy, lo| EYTEY ] afy M) safp ) s M)

C1e




T

A g i o —— N

—

/
H]
2
g
\

Loy
oo
|
1 j
ll ettt 1
i
r
I
|
ATPEAT YO 00%4 !
183,08, 1u0g H "o o :
R8E. gofecens ¥ f‘
l.__._L i
. sose poo ‘:
ATUILS RaTURI AT ATV R BTN SN, 2T ATMEAT TO 0NS ”:mm-:-:uﬂ':’. :
L LIV T Wi TRMPSAMATE (THAWA (4D - THAVA 109 « o "‘m'.'“"‘,“ posd :
og. vesen ot
) APS M) ealg (RI/R LT MRSUES 17 0a ¥ PRINGUCH /9L TY 0300, t. o8 . VS OB, K. 43 SPASE
¥
08
PV RS, 8
L—l VRSN, 1) 8TNAVA (H) Lomoff PYR O 8. 33 00PRES M) RETR 10, 600NN LT, ISPUC . ARILIC, I
: VRN K B
: i -
&
3
l
;
H
i
i WITR 20, S0BOIR. STANIN) . SFEED UL) . THAVA GHD < ATUIRD . FIRP L, ATWIAD L APSERD . AP TRD . B
t atven e
i
H FL I N ] 19U 135 010 1) 1RSS4 1)
7 . wasE T (rovuset sl P rien.0 LOUN (20 1 OAB (00 0 IONEDP 1. 08
5 APRSUE (TUN) sal U 4 0.0 10U 13) ISR} 13) o8PES . 1)
: o HOR YO NPASH (1)  HTASK (892 LIS (0Y SIS (0 oL INEP M. B '
4 b
; [Teoeo }
3 NEETE (10, GUDOIA . IPRTIL 1R, 31 . PPRESL L. 00 . IPMENF (4. 1) . IPREIT IR. 00 . IPNER 1. 1) 808
) .00 . IMEAM. 0 I8
H PYy OIS, § . BF 02 UM (1 r""
B . Py MaN. B, 8 a ) UM ()
1/

B

{ c17

2T




b
13
i
!
;
{
[
[
pEST QUALTTY PRACTICASE i
THIS PAGE IS | w0l
FROM COPY FURRISHED :
oot 22
PUS W, 5. 7D SIS (4D SLODK (3D a1 PN (1)
BYLIUN, 8, 7Y SN (B0 NLOCK (o) BEPUNY (20 LOCK 13) 2L OKN (30, AIT v _
nottcgrorsnwess | aLootia) emon tdom st MO (4 aELO0K (/7T by
SL.OCK £@0 o guns 130 SO0 IS PLOCR (DI /RS T
MRETR (8. POOE) TSNP (4} . LV (00 . JOUMT (30 FOUT (00 . LOEK (1) + BLOCK (3 . SLOGR (30 . 00 | N _

w
33
Yo
L aBear 10 3330
TOUBITP C0) oPOUITO 40 oQuTP 88, 1) [po——— [ ] 1anm. .80 2196.0
PENTP (0 TOUNTY (00 oIV &1 . O (T TITRRN <

H“ o l.:] ann. DIROATHAN M.

=]

e | AN

men.ymvcu-n.n» contimg 113,002, 0 0200.¢ =it 0 15 2000 |

[Geer ]

[aasssram. s/ anraasrsen. s conriem

.C-18




B b
8 T TR SRR et e it L

‘ e THIS PAGE IS BEST QUALITY PRACTICABLE

f FROM COPY FURNISHED 10 DDG

% s 13 4 3
o= ;
? v 14379 . 20 o2, 9 ....,.H.. [ ...q F BINOAPITasIB R, 0} onrime ‘ ,

: Y=~y .-.aHT‘..-g. ""‘H" o uul Fvuo--.. RYZY m}—l

ol ‘u.
wwum | - o /moar —-}-@—7
J

[Sie]

! WRETRIO. POURIA . OUNTE (1. 1) DUNTW (R, B0 . SPRP IR 43 [PNP O, 30 . 41 A8 4. A 4. AVOLON M. .
1. avetinm. » Naibaf
3
L WRITR L0, POBE) TRUNTP 11D . TANPP Iy
E} PHRITE 21) STRMTP 120 /92T WRETE (0. 700 TOUNTP (1) . PRUNTY (g9
py TIURTE LR o TOUNTP LN A2 Y
[ IS
[ *
i - .
H o KA OW. L) SATVA Y AT AL T A APAD DRV IO A} Sand
z! " LU T NNT YL R i AN BRUN. L) sa TR L) RATP OO L) ogLOR &) m
= o BARG V. L) sAPR ) ATV R, L) aPavA &) RNATE SWUL LI o .O0R Aot
2 .x: ALAPQ BUNM L) 2aPB A) | | NrCYD UL} sSPRRR A} QAPT RS LI R PNTY &)
R

7 atetar 7O 5 CEPEAT TO 00 AMIN.LIo0. 0 1908 .00 00
: | on "o YL L WS TN tasrsm.Lie0 m
A - . asvomn.irves [T comsem.Live.0

fave n.L)eg IICON M .4) 8. 0

w....
-

H 8
1N
E4
i o
i F
4
\ =1
A
f A conrime 19V 19 o9
i ety TN (1. 0
ke Tounr 1an g r—‘ OmTP ol eg. 0 ‘—"° d '“I
; Toumt (a0 0e




THIS PAGK IS BEST QUALITY PRACTICANE

C20

[



t

memmawmmm AP ey e

[ S

REIS PAGE TS BRST QUALTTY PRACYTCAZLE
FROM COFY FURNISHED 10 DD e

RERCUTING Jeu? (2CalL) ot
I e Wl T Wl )
taary L] [NL ) (%L .}
nne - L5

“RETE (10, $000*

A1 RATYIR L) BAPRIR.L) . RAFDIR LS -
TAIRR.L ) ATHAVA (. L} AIPERD K. L) -8

WEITE(20. SOOEL . AATUIR L) RATWIR L) . RAPPIR. L) .SAFS A LD . BPWEY (K. L) . RAPPIL. L) .
QATEIR.L) . RAPY IR . o} SATENIR LD .‘NU.A (ALY . AIPERO M .L) ARG I .\D

1

RN :MWI" m

B¥i ), 103. 0000 VRN . 103, 1861 . NEUN. /TR0,

108K.0

-

[{Z X1} .
coertm g nraen 30 0) ARAG LIV, LUDIWSITRL . SBEIU, It ¥, L1 . (0], I3, lnu.lnn.z‘j—O
wragk igyeg

‘ c21

| _SIpe




s818 PAGE IS BEST QUALITY mmm

PBICUTINE SubUT C1CalL)

[N

P o

a8k
N I
RCAGEIN, 13007, 1. IWOR 1. 90 .839¢1. J) . IPREC (1 . 4} . THORS (3
. hb. cOd NuTSIL. 20 . NUPP L. L),
L vnv-u.n.auv—n.u.mu.u.v-u'u.n.nn.-u.n.u;vu.u.nnu.;n.:":
ol |
TUneMeavs fud. .83
o
83000 otk LELAY regortseaverne. a2 g kiarey w 1o
Popegpttivg 149 ConTimg exrpen
 evere——
w
210 L
‘l \ o e ves
WRETR (1O, SOTI AT, . MAUILSS, L P 10!
Ja1 -y ve WRITR 10, 2200 4 RENTAIR 092 Rt.0

s

c22

e s e ey s e TR

3

k4

ke

N

s s

1
§
| 3
i

i
b
.
b3
!
|
[
g
F.
I A
|
I by
| 3
T ‘A
P
[
3
i
|
10
}
)
Y
;
'
i
A
|
Vo

i
¥




TR :.av-,fga\r:;rfw\mn.-x;;uziii'ss‘rm

sy SRy e

{.

T
L
e e s 1
5

E
.
fl :
QHISPAGE IS BEST QUALITY PRAC .

FROM COPY FURSISHED T0DDC v |

L ‘

{

SVEROUT Mg (Mou? (1CaLL ) st 3 .!

WREITE IO 000 WWPRCE. 40 . ESBIL. 47  IPNECLE 4D . THORN LT . 20 . NUTSEL . J) . NRTP (L 40 .4V m H

wire b aTIEL. 40 . AVETNO L. ) AROOUC (8. 3. TVLETL. J) . PANEE. 2. ESITEE. 4D . NUPI L. 4) . AT IR m i

0.0 ]

i

i

i
\""‘.-JH“ ro ﬂ.;l " j

a9
_{..“("-".'lo".""-m'l)-m"‘l'.“'l’
& WRLTR (1O, 2o0) STHV. S5EEE. ravs. MR8
. 1
GInguglIOnNES vagtastLts ‘ i
E L2 sTaALRY L Y STORALS E l - Y FMAES L L -5 sICmats prugn. sronasts ':
£
v 1 T t ” 1 " wo (ol (1] ’
§
' ‘n
|
»




R

o Py o

PIRRITING N AV OF. RN . N} rasg 3

TRANSAER TO SUBRCUTINE
”nn
"

santeaeraY 1
SORTABY

1 ‘v
bINEEL. T 1o 10 ;
STl o amn L] oy | o i YT »
m»(greo e wyenies
e — wen ity a0, 208 ... NV

Last

.ar.nehd 0 e P

rearaLr.ven

e taret

| comrima !
eig,. Davy
e SR 1. 3P OE HILAD Pt
ki st ey suip. e
eemed

) Rl 0500

L

wWaLar T

& m
3

rés
13

€8, 94088 1L. 210 .u.rj

G2

- - it s s e e e Pt i 1 B

s Y ot T

PO




LR A o 4]

& " QHIS PAGE IS BEST QUALITY PRACTICABLE
FROM COPY FURNISHED T0DDC

s

F

PURSOUPL g BLITIV . K. v . ) ract &
0 "o
17
ves
. e 6T, 8 WTRTN enayo. oTew
YRaSBEINIl. oW L. g0} + 400+ resteeren

!

rEWe. goTEN
0 " 1 i restrenre
o comures o ™
19YeABOIIN{D. 20} 470N " Tt va THaNerDR
isuetswao Y (Ledd L T0 00 oo 0 o
RSwar N 1ORIBY N J90ua-) 1" sraravawr Conrime
2000y ] n ‘
. ™)

1] . - - u-....HsTn.nm«rmn-munvw:]——Q
o

! wITE 8. 330 118 . 10y, 8D } el o 1‘
comima ] P | sove zn:“.'n.n n:;;n-.uJ , :'-'l:’x '__@_.‘

wase L. 2 otwest (. tregvit. ;| l

o

{ ) C-26




TP smam
Ui i)
bl i )

man.u—an wol [isises

i so 19 00| | nerenemunconrs.mram

| ‘
= o
w ™o 50 100
[y )
e

c2¢ ’




THIS PAGE IS BRST QUALITY PRACTICARLE
FROM COPY FURNISHED T0DD0

0.8, .9
o® ey o0 oot " ' 100 | mETRre. oproRts. 8 . S0 e
SN0 - e, pm




g
£
:
g

-

APPENDIX C2




s v . s

DETLINNE SECONBARY IFSCIALTY IS FOR SACH CREW
MEMBER & AS FOLLOWE:

T

MRTIALIZE PHYSICAL CAPABILITY VALIES
POR EACH CREW NEWRER B

] momanc

e

rHrscaL +OR CREW

FOR SACH CREW MEMBER M WETIALIZE ATTINDUTES:

BT + R0 - HOWTIAWY
TN - CALRY
PG - PURAT
ACP + 81400

o - av e MCK Mo
MO0 - 878 AY 82 MYICAL MCAMDTY
| A« PO CURATON

e+ e e e e




T A ity
Y e

Ntew -

» BEST QUALZTY PRACTICAKIN
o G G
Cpo e T wn

“e
“ r . — . DETEMNNE BAY OF OCOUARENCE OF NEXT FAILUAE FOR b
& SUTALIZATIONS FOR FIAST DAY GACH SaapugnT - '
: - .y wencs- ‘o - fremcs - toum | s meann
i 06 -0 &K -3 mMA ;
WG -8 10+ L. OMAN p:
WOMCR) @ L e N UMM ;
: RONCILN ¢ O [N NSRY~ Y 1Y )
- .
FOR ALL CREW MIMRERS 1 DEYEAMINS DAY OF OCCURRSNGE OF NEXT SMERGESICY FOR .
i ce SACH SUSROINCY &: 3
3 ACALSN - MOLIEN - CALBN/Ie 00 - ) - fometu - oy | es 4
CABVA AWM [ ] wnTeasN E
reran - aen 3
) 3
b NOFARNE - 0 3
—— \ »
PR OPTION 3 ]
s

PRINT: 0D, IDFUCH FOR 101, . IOMAX 3
K, 100H) PORK = 1. ... KMAR 4

JOPAGE ¢

() ® ’

B

INTIALIZATIGNS FOR EACH DAY. CALLOWIRUT SUBAOUTING TO AEAD SCHEOULSD
FOR SALM CAEW IFMSER CVENT SEOUSHCE DATA FOR BAY AND TO SRNE N
o I ™o e DATA W PRNT GPTION 16 I8 EFFRLT
wucs o e - e
w2 e ™epn - 08 NOBE © NUMBSA OF SCHEDULED EVENTE PUR DAY 3
was -e cCHN - 48 RUONTG s NS (- o OB 4
"»memn -0 o - 68
wern .o one - 08
wet  -0s en - 00
win e e -8
wnss 100
L) [ ] FOR EANH SOUAPMENT 10
MaKSTE -0 cutws + 08 !
o -:. CART O : :: WENTIEY UMRER AND PLACEILNT OF RSP EVENTS FOR AUUPMENT 1
onMx 16w HARD FAuURES ;
£ B J 20 2 Qtut i 46 WNHALIZE WA - 0
mm e FOR BACH 10 SUICH THAT 105 4Q) - ND:
il LARINRII S B
- e 2 e - 0o - [rannon ta iwe] cos F 4
) 'Y 3 WVENT INODE o WM T 200 ¢ ST U0 ¢ b b
ez 0 - 3
cuoetA o 19
.- . R e e 4 ——— e b a s e ——— - e —————— ] vy
{
i
DENIIFY & MACE EMCRGENCY EVENTS:
———— - MENALIE: NS - ¢
CALCUA ATE SLASTATE AND PERCENT CREW 85 ASICK soR .:. K SUCH THAT IDEN) = ND: . !
ICB8 AN VALUR OF § FOR WICH SESAGN) 2 AY . M ey I
bty teione i T MVENT B8 . MR L NG - 08 X 1
J 3 DEW) - DEtws ¢ ° Wmiw].ae 33
"8
DETENINE SEAGICK STATUS UF EACH § AND ADRSY COMPETENCE 'y
#OR §ACH W ;
* A < e | ;
woomes - momes [+ ases we AN TUTAL NUMBEA OF SVONTS o
o KOuRS l'-.-l- o Se0BEwem ¢ 4+ i ‘ S




(o, Mg R TV PN, AT AN

AP g2

PRSI B sy

L

- nr ey PTG XA ARV o L SRR

vy

IR B M P et A A e . 4 e 1r

THIS PAGE 1S BEST QUALITY PRACTTCARLE
(3% ,..WNW?YMSI‘WNDDO ——

de

E XX
FROM PAGE <

o

FUNCTION OF SEA STATE AND MENTAL LOAD

04 TR MM DM RATOR INDUGHD F AIAITL Oh SCHEDULED EVERTS AB A '1

EACH SOLPMENT LTI 0 ON &
N elThid=y, 3% R . AR
THEN FOR BACH SULIPINNT OF RvENT 0.

0N M) ¢ ) -

av < [lU'!u it

on
W LRt 18 15 EMENGENCY AND

o< [Q.M. "1--] t

WNENE BT ~ HCES + WS
OHERWABE IRTIALIZE 10K - 8 O FAILUM)

v anc conmu].m wasNn . ¥

wvy < Jom 8 ""] Lot pcioomn $ @

] 150 . MeCLOOMIHEN

THEN ST MUPHE) * 4 AND GAVE S vENT 30, i§ TU WNDILATE
AN OFERATON NDUCED FAR URE FOR TINE SOLAMMNT R VENT

b . -

o

MONToNDNTe) § W0
NOWTeue S w

AT IAAMBER OF REPAIRGS PR DAY

N

"
SRUM MGk &

I o vt -!.}:-Z.';.;;{ ) ']

1A 0F RATE Pt i I s 36 15NN B0 QUANEING
4B EVERTR 2uR 2F 1Y 5V ORE CONMDERING
PR TOR BLTO Van UM $

[ XA R

v oav e

WA AWM WVINT NN B

ute amis

EIUT ML TR v >+ B THAY
FINN D AND T PV T

RO B S NIE L RIS TR N T
a2 URIM PV -G
A0TSR VIR I]) J

- ORTERMNG PORITION UF REPAIR FaRNLY
b ] ememxer

L_ MVENTIRK) = 3002 1200 - N o

——mem e m ...._-s...mﬂ
CALLVAATE NN R UF LXCUANI S

-umnmvnuuwcmmnl

e oAy
Lo B, L TET AT
e e -—-_I — e . . s

:..-.mu ﬂm'-"

TOMUL &
E « 3000

REWTL 400 FACH Lved?
LR
aav-o
- eeaibtd

r L ]

ROAD Hum S0 ATEBRG NI TY QATYRM G

oven [waem). movm)

[
f : 'ﬂ‘m
sl

et e e

""...‘..
SO0 LD CAUBNG § vIND
FURY + WIS BRAINNE FREVTER ANRAT AND P ACH WY AR | N
IS F AR URE ¢t ¥
e

¢33

I |

ORI WNSRR SULANMATY 40 MIPAR P
LA RN I )

[ T
- L X1
-
Wit e
- - sanp
-« ARy 3¢
[ L e W ]
.l v )

o0 erany ¥

7

Bt M, i e



e e e o o o e

e = BrAr e & <+ o i AT Tl ARSI VS g Y ST S

msrmrsm&wﬂﬂmm
mw‘m

ranrbant o

R 1RGO OF MEN M CAIRES FOR

—

HBLUT W ATO N TV

oAt
GADABRY YL L3 WIMAR ;
l“.. s LT WAL BEON TR LELIED

[} (e

O~

L B RN
b e

8 WA

./

v BECMLTHD

i e

“‘% -

S TERNNE SARLIST Vot ON

WAHCH EVENT CAN 00U

A WARE IOUICHEN, STHRT) A8 TIOMR o 0 FOR VARMILE $0D T
lu-tm ! v

[T T

0T POR FLND SND Tt

197 o 81 W ¥ )
' A mey
) Tivwr o vr)

A S

BET R - 8 (O MLECT PRMMANRY
WECALTES

BRI KA -0 WUUNILA FOR M
hﬂ LM E FORAVINT)

NITE W

“J

e

.

e
P

’
1v96 00 BVENY
Y TV

WOALTHE

SAECT MR -M'J




. N8 PAGE IS DEST QUALITY PRACIICARLE
I [ .
hy. "
< se mmmm :onnc
’ SIS ELIGIBIITY FOR SELECHION
w0 B, 11 1IN ABNIONGD QN Tl B Y
© B1908 MMADY RILCYES
(] o U FOR SECONBANES:
200% TLAEN - ABURNE) EVHERMEE CUL® NOT Fuute 1
ey woRRy OMEAMSE WURKED TOO LONGY
¢ BNl g AN OIS ¢ TN 3
+6 WAMIMRNREL | ) WAUAT BELLANI SOE AR V) ] i
# SL0ME. VN
L] ALY §
WAVARRA ; i
CALS - LI MCIETY < Peoiie .
CALA « PRGNECHET V.0 OSHE WS
CALCULATE B0 40 ITY CRONERIA FOR SACH SLIIOAT Mast ]
e TAVARIRAL WNBS 188 VW + CALA ¢ T FO0MI 3
IR MU W KD 4
g e
b d B
1
¥
:
H
4
i
CALCVLATE WSRO YEA TN H
VRS FBR SACH BE Y + q
VY VBN« A TVE Y RO 3 4
H i
£
1
:
3
M
§
® 1
L 4
" - . e e . 5
SELECT HOSY BASINABLE WAN W TURATINE REOWINS» y o ;
ve R AVENT AN LU AGANY OR 18 " .
) 90« MAVAR IRA) TN ¢ DU 0 TV WORK 2 TRENTIALITY o RIBYYY e f-——— =
RA-KA s
. —— — g
" I
‘ .
e e e e oo 2 s
SLECT AN FOR SVENY !
n YY) i K
axvinen - s L] i 24
A0 - W fem « e et e e o TN WORR S ——— 4 — - — e toinan s el : i3
o-m . N %
LA i ] oA
MOt WM ) —— . i
! £A
' . .
{ g
1
.
fl [
! 3

)y |
EoEe




e e e e e -y R R TOETRRAOY

0
[
&8
%

- - H . « l‘ ’
- (.) S
" {
— et = SHLELT LIOUP L LADER (116 ORULI MEMDE N HAVING, ¢
- " THE ST CROW SONTLOM
r 1] .::l'(\'l.‘ it Vum (3"“ agun) CNOUSE L) SUCW THAT ; 3
ARG 2 Ea . BRIAR .Y
- e c—p—— TS 8Y COMPARING TACOM P
. F : - :
O . R W %
s\ - DETE nbai 4 ATAY THAE ALt |
[Y" et VY b . e e e e GO M MBERS AVAL ABLY 1
y y n u«‘ . 1
... © e » e b e {
" L
[R—— UR TERMINE ¢ ARLIEST VIS CVANT CAN OFGIN ;
Ul e+ AR WUV Y V) H
> 22 wax lu.n. (LT nm] !
- = = et —ee= - —— o ——— o« vt st m e —— -—— ‘
. . ]
[P !
- . i I}
,.] e 95UR ALL o SO WNGAE SVENT L
waut 10 ( ..)...‘, i e e O WERT ORI B ... Y '
- -e 22 DN w0t BN !
I L {3 ko
-~— - vas
CUMPUIT PHYEILAL CAPASR ITY $OR EACKH GRULP ”-?““FA' ean
wiugtn —_———
1y HC 8 R TVIgIG ' Pace 1
- uwe PMTERA
Qe g
can M-n 3
»- - E
KEW e e —— (%] ®AGS V0
| acanyg]! I it 3
)n LR U vt IS (n -—.6-)‘ oAt W ) ;5
LMY MR THAL 9T popas 7 ;
SAVE AN AL FOR BAY MY
Lt rpo s laixhon tacivhn i nhiey
®
"nee FOR GACH IDAN . 1N THE GAOUP CALCUAATE SLEEP AND FATIGUS ACLNS
Q’D___. W 2 NS (Taad TOBLEEPR :
wwo et 1o (m b
Qe £ MMANRSL? (54008 QUOTA FuLLELY . — ——— e e 3
w vaa ent vol uy (;:) AUADT OB ST LAY W 808
FATME S TTAT IFATIGRE UNDER THRETHOLON . FOR FACH GhouS emarh
W Ve et vol o~ HELBI  WELS W ¢ SRR .5
- CALL SUBROUTING FRVRD 1O .
W 54108 POR DAY CUMPITE PATION BUROUP .
Onte - e fauanme, OO teo o8]
COMPUTE FAVIGUS DAS TO B8P 3
Cod
WISTOMI S & PATN . . i
AT 3 mnuuv] ,
oS ey sati . '
" u-ou-mmnav] 4
AORT SUCH THAT 85 FATHS ¢ —‘*@ :
AROET CALORILS L NPENIND BINCE LARY SLEEP: ACALN « & "Gk 1
COMPUTE NOURE NCE LAST SLEEP FOUIVALENT -
wratme . e - P rarn
* 0 rare & mont s §-rati e
WOS FATI BN - 300 FATH - B
- ¥




s AT ki e AN R AR g —— oy r— R

R SO N

B TN D STV APSIRE SRR

o P TR

Aoy

Y

oo TIPS o2 O

o)

L.
::.“::)*— —

Poul) - ABUR WtTY
Ko N

B T ——

- SMIS PAGE IS BEST QUALATY PRACTTCARLE
FROM 00FY FURNISHED T0DD0

()

B e IS

QEMRLYE GROVE STRMS YT D

| ()

CINTUTE GROMP SYRITR

. -1V ) AT &
st ..ﬁ’n'o n -

ABME e WAL VY BT Y O
® SVNT % AN SWERRTY MT GIte Wi

CURATION 100 WO\
£ o NIRRT ST e e

e

—— A —

7l - NN N tatl ABUWME TV
el - Ran L (LY ]

I I fﬁ:l.“‘__f]:ﬁ I

G

Q) ~-

R

O N




™= mmrgmcnm
R PSR 000 ——

i
[
i
;
i
(

—
b COMPUYE PAAFORMANCE T

i -,ﬁ?.-_-_,— . (G ) <] o » .

g oo Bo 1802w LTI} wetng vemie 1o ;
. CEMPUTE GROUP FUAFORMNCE ummﬂ- FOR TN EVERTS
|

“(; m)m V- ABURNETY) S RO ASDRETY) ::n:-mcm i

] ' ORGSR anAaTIOn .::::c‘n-n 10000+ 3470 - Logmd) v h‘@ :
| - (Z um)/n ““""WJ oust ;
: . _ ] wOsTA $GETRAS QBTN ¢ 1. PV - . ':

arack [V@-n-m-.» - m-mnm}
OUHEAEE PIN) - GPACE - (Lov - ADua TV
LT SUCH TRAT S PTIN) & CABVRRETY)

- == j ;

b = @ e e —

o juamr - Ot ome

- o

e —..f e N

: . QPORF < AASP ———

: GETR < aSTM .___._...___.,L .o -ae e 1[

! Rt Lo

: -th < et

! POR £ACH 3N 4G

i 3 DENP < WP o N SE——— wesany >

! il il e'.--u.mmm-un) av

: LRNT SUCH THAT S8 P
: o UM 2 GasP 0n ;

{ «m et - ) |
i $60 4G 48

! R E— Catteg + PERFIO .

; P o 1+ 00 00A SRR

{

H




Cvigrw o

4y S

RS TAT I SR

PrACEME ottt eity

3

B RS R o SR RRT ) S
ooy

it

3
?
‘
4

N

e

R AP AP E Y AP T g Tee e o

(.

F R

A}

et e

-

-
N

CUMPUTE REAL 308 WS & VN CuMNL SN

Ewed 22Tk

@ Xms > Wi hiw
Ui b UM Vete
elely Nl 7
KW Vamke

s

QUES EVENT § LISND B8 YOND HND OF DAY?
* KWk > N han
st B &2
okt »

()

WICASMENY N0 OF VA S0 Vvt

Ay WRT Y
CALL AT urtad O Lacni
AND SWENBANCY ¢ VENTS

Ol ditdy CUTNGE + PY i)
FUR § A0 L CRNrest T REPAIRL D MW A VR N T}
CONNE I «+ Pl

— ol

b —

YHIS PAGE IS NEST QUALITY PRACTICARLE

FROM COrY FURNISHED TODDC ___-

e -

LOMPU L § AR EACY AN 3 W GRDW

WS - ANMIPN ¢ Pl

TR o T PTR
TP o TWR ALVO

ah - Cmel

COALN - MCRNIY P BT RV
ACALMN - ACALZMY - CUALIG

WK . DI ¢ UCAL N

han Ducss cman juocwa Twcen|  wem - 4 Chocwm

—_—— <
ADCMMMULA TS CRLw Mg RAL LOAD
O - (A +Pimd) LOPUNETYY
BT AE § VG BAZARD
o Pl saltvy
LLURS U RE ]

R

CALCULALE SOUIRILAT PO ORMANCE LE VEL FOR
CATN SOMMRIENT LIED O YTouk EVINT

c¥»

. AN
SO ot « COTecw

TOPAGE W

P TR P



e

THTS PAGE TS BEST QUATATY PRACETEARU
- MLMY;WSHW 00 e )

l ) - [ O @

e oamr vion . rwv&nomug&nuvrmvmvwl
" ‘( IV.E.)‘U"..' 2GR < ESTAM W AVENT 18 A AEPAIR AND T 401 > DTRID), THEN

3. HosTMNS GAYA < 8 wa- o SELAR-

@ GVENT 15 AN DUENOSNCY ANDPTNE)  LVAG, THEN

O T R sl

o [rwoomen. Tocom] /40 o HuITAY o1

z

OPLACE SPCUM WITH TECOM FOR MEM S0LRCTED TO WORK
4 SECONDARY PilL DY

© RGieE W ATRY ST WYICS AW [ YA PLAPORMANCE ADSQUACY APA = APA + PA I
o . oMK ¥ oK <t - - |

:3'.':...”.: 3 o /e

o (i&mm zmq‘m mm__u)-

CALCMLAYE AND SUM EVONT PERPORMANCY 87 FICHNCY

T AVONT ANNINTIALITY vALUIS

- et eEen

el i oA ol s

o i ey ey

et 10 POA 0
(L] 3
SN0 PALL IS - [N ¥
®
e =
et D CAPABRITY = v
FON ALL M50 19 QROUP v o 18 ERPENMO AND
CATS UBINS IUBAOUTING P PEMAIWG FOR L -y, ., AmAX
OO, WPOCH), ASON AL 18 (10 RONE 1) + W, 1) P) WD
QPCC FOR GAOUP AS ON PAGE WONC (1) « RONGIL)  RONEN}
MONCINL 41 < RONCIILH - ICHLH
3
H0NOAE SVENY
B0+ 4
woveL s DETHNENE WHETHER LVENT A8 ‘l .
COMMLETEO SUCCEPALY ———
P4 CABPRLN ¢ R?
raUN
° m o ae o
tonsacn 08 FOR BACH e GAGUP. ADD 10 FAKUM
ORI + NOBCH ¢ ¢ count a0t 0
WYY - 4, NBUC) - NIICH ¢ NOF ALK - NOFARIG ¢ ¥
oTne et
WS NCD 4
CALCULATE PR RFORSANGS LEVEL - —
Y0 tAck dia UPDATS WAX STREIS FOR DAY
oy ‘M&“ e o . W OATR . MANSY, THEN F——— Y} 1]
WANSY . 0UTA
* N0F AL « NORTH + [*)
| wANSTS - 4

C40




R i .

" -
‘ s:
i

‘ TV s pa g T8 BRST QUALATY PRACTTCABLE

o FR0M 00FY FURKISHED 10000 -

. ¥
: ]

@ LA

[
[ P
N0 PAGE 0 ;
» - |

e e B n

WPMATS HOURS WY UM EVENTE +O0 00 RS 2V

WAAA - WA 1 PINE

T L ALPTR + ST - 2]

wam

WABA © N PR BTN 10 IVENT
+ AR FOR UOAN EVORY

* SR FOR URAGINGY Svant

Y PONY BAYA FOR
VIO T cos- - b deoy

——— b
P PRINT EVINT BATA A BATA 1
3 POR i s SRS 3
{

oot

i




e i,

7Y PRACSICARLE
B et o 00—
FPOM ‘

T
(2‘..":]:.:..':‘-) "Hr' “;';:::“:}__ Q {‘:W”%M"M"

"’—"I—'“/ ‘
+ Pty !
. U 0 .-.‘5' .-32
S - ™y
] Yom l -
L LT

C42




Zens. .
e

Y ey

Glas i T

B

THIS PAGE IS BEST QUALITY PRACITCARLE
FROM CUcY FURNISHED TODD0 -

——-—-.~.-~—.__,
———
——————
-

* rcvm . Mum
o rctnn « [oaromy L . 7
e ——— T

u&?&‘ik«m@)ﬁ-}v
iy -




omntin [ o __E:'Ayumﬂ____, .-
i [:n-un-n e _l '@mmm z.l esmumars )
1 e svansansty - (o SRR
"“"'""‘” Bttt olni-:n‘-t
1 ., o i - 1 §)
e sy (%, 05558 J
— i (= i)
! “'::“}':": A vma soemrors - (04Y)

" - T o . S0 SYRISM AL ALY f [g.!él] Spary
B0l - WA ] SYTIEM AVARABR ATV 'M)(‘E”l“—'i) Qj
J SYSVIm IR M‘ ~mas

!
['--;:.;.'7::.'“ R S A 00 - 1

o, o, ) A Lavaae 10

=== ’

DATYINNE RS SN i LY

PATY

FATON - G0N MELENN - RY - 03
[ ]

CALOW,

CORPREN BTEFS 0. 1, 3POR 1+ 0.2 2 AR 4

otimtan <o ' u..an
Y. u v 1 -
saen - -n‘.q- e

¥ #F 02 g 0We v At L
. WD SOTARIR, A00 | PO SACH L3, CONBOTAGI Tet
VB INGT, A SOUALTTY 8 OBTANNS

A ASRR IS FoRRg 100 S0 BAT ICENS: - ¢
« WOMER - 5 00 C88

sAIN A ¢ JOFINS ¢ AY 83
. 2w

s satIN Y ¢

FOR I05 NRUT () M0 WATH ICHN ¢
FEUR - D 08

POR T8 MEXY Lgzy g VN K0BNW - ¢
PODNES « 00+ 48 08

L] mavmmmu‘mumu—n‘ | AND PN O
) FPUO Wty BFQ. U0, S0




APPENDIX D INPUT DATA CARD FORMATS FOR 4-20 MAN DIGITAL SIMULATION MODEL
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Simulation Input Data Preparation
Input for the intermediate size crew simulation model are initially pre-
pared in NAMELIST and final field formats. Actual card layout and sequencing

information for these formats are given in detail in this Appendix, and
correspond to the types of data presented in Table B-1.

Table B-1
Types of Punched Card Format

Card Format Type uf Data

Number of iterations

Title

Tape input and number of days
Parameters

Personnel

EqQuipment repair events
Emergency events

Event type data

Sequence data

WONOLME WNP

In the NAMELIST format, data are punched sequentially in card columns 2 through
72 without regard for column assisgnments. A comma separates each input number.
Thus, all arrays must be completed with zeros. For example, the cross training
probability matrix must have 10 x 10 entries even in the case that there are

fewer than 10 types of personnel to be simulated.

If the simulation calls for more than one iteration, the input routine
dumps all input data, except for the parameters and personnel data, onto a
magnetic tape. This tape is then read in the subsequent iterations. A tape
created in this fashion can be used to supply input for future simulations.

The sequencing, content and structure of the input data rules follow:




Title Cards
Description

Card Format 1 Number of iterations

card Format 2 Title

Card Format 3 Tape input opticn (000= card,
001= tape)
Number of days simulated

Input Parameter - Card Format 4

Average psychological stress threshold
Number of hours worked after which no new
assignments are made

Number of hours worked after which further
work is unauthorized

Number of hours since last sleep period

by average crew member at start of mission
Catnap length number of hours below which
is rest, and above which is sleep

Maximum sleep permitted per day (hours)
Fatigue threshold-below which sleep is

not authorized

Average crew pace (average:z 1,

Fast <1; Slow >1) ,
Number of calories required by average
crew member per day

Average short term power output for
average crew member (calories/hour)
Derating constant for acceptable performance
Fraction to which man's physical capability
reduced when daily quota of work is doné
Effect of stress on performance on a

:JE;:nglifS:ntn.
6 "TENC thredRs1d for unmanned station

hours

Initial value of consumables on ;
hand at start of mission for 3
those expended on & units .
per hour basls 5
6
7
8
9
10
D4

FORTRAN

" NKASES

HEADR
ITAP

NDMAX

APST

WORK1
WORK2
SLEEP

CN
MAXSL

TFAT
ACP
CALRY

PWRRT
K?

K1

BE .

ASAP

USHLIM
KON(1)
KON(2)
KON(3)
KON(Y4)
KON(S)
KON(6)
KON(7)
KON(8)
KON(9)
KON(10)

wniiteiibcidnnentasmiiili <odminsn it

Format Value
I3 -
1246 72 spaces
I3 —— —
I3 —
SPARANM
NFP2/FP2=

HIRIRRIRR NI
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Title Cards
Description

Consumable threshold for

consumable 1, threshold 1
2

3
4
S
6
7
8
9
10
consumable 1, threshold 2
2
3
1Y
S
6
7
8
9
0

1
consumable I, threshold 3

OGO, EWND

10
consumable 1, threshold &

w0

CW®~IDONFE

-

consumable 1, threshold $

CWW~ IO EWN

-

i T AL T L A A D A S A TR B YT A A R, 4

FORTRAN

XONT(1,1)
KONT(2,1)
Kont(3,1)
KONT(4,1)
KONT(S,1)
KONT(6,1)
KONT(7,1)
KONT(8,1)
KONT(9,1)
KONT(10,1)
KONT(1,2)
KONT(3,2)
KONT(4,2)
KONT(S5,2)
KONT(6,2)
KONT(?7,2)
KONT(8,2)
KONT(9,2)
KONT(10,2)
XONT(1,3)
KONT(2,3)
KONT(3,3)
KONT(4&,3)
KONT(S5,3)
KONT(6,3)
KONT(7,3)
KONT(8,3)
KONT(9,3)
KONT(10,3)
KONT(1,4)
KONT(2,4)
KONT(3,4)
KONT(4,4)
KONT(5,4)
KONT(6,4)
KONT(7,4)
KONT(8,4)
KONT(9,u4)
KONT(10,4)
KONT(1,5)
KONT(2,5)
KONT(3,5)
KONT(4,5)
KONT(S,S)
KONT(6,5)
KONT(7,5)
KONT(8,5)
KONT(9,5)
KONT(10,%)

VALUE

* o »

v @ e o e e
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Title Cards
Description FORTRAN

<

ALUE

cunsutatic threshold for consumabdle i, threshold & KONT(1,6) .
KONT(2,6)
KONT(3,6)
KONT(4,6)
KONT(S,8)
KONT(6,8)
XONT(7,6)
KONT(8,6)
KONT(9,8)
KONT(10,6)
» threshold 7 KONT(1,7)
KONT(2,7)
XONT(3,7)
KONT(4,7)
KONT(5,7)
KONT(6,7)
KONT(7,7)
KONT(8,7)
KONT(9,7)
KONT(10,7)
consumable 1, threshold 8 KONT(1,8)
¥ONT(2,8)
KONT(3,8)
KONT(4,8)
KONT(S5,8)
KONT(6,8)
KONT(7,8)
KONT(8,8)
KONT(9,8)
KONT(10,8)
consumable 1, threshold 9 KONT(1,9)
KONT(2,9)
KONT(2,9)
KONT(4,9)
KONT(5,9)
KONT(6,9)
KONT(7,9)
KONT(8,9)
KOKT(9,9)
KONT(10,9)
consumable 1, threshold 10 KONT(1,10)
KONT(2,10)
KONT(3,10)
KONT(4,10)
KONT(5,10)
KONT(6,10)
KONT(7,10)
KONT(8,10)
KONT(9,10)
KONT(10,10)

3

consundable
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Title Cards
Dcccrigtion

Initial value of consumable:

(units)

Consumable threshold for consumable 1, threshold 1

1

CECTUTTETT

2

OOoNIOOW»MEW

10

consumable 1, threshold 2

w N

Cwao~owumsg

[

consumable 1, threshold 3

OODIONEWN

10

consumable 1, threshold &

w N

CQwwVowmyg

Py

D7

FORTRAN

KON1(1)
KON1(2)
KON1(3)
KON1(4)
KON1(S)
KON1(6)
KON1(7)
KON1(8)
KON1(9)
KON1(10)

KONT1(1)
KONT1(2)
KONT1(3)
KONT1(u4)
KONT1(S)
KONT1(6)
KONT1(7)
KONT1(8)
KONT1(9)
KONT1(10)
KONT1(1,2)
KoNT1(1,2)
KONT1(3,2)
KONT1(u4,2)
KONT1(S,2)
KONT1(6,2)
KONT1(7,2)
KONT1(8,2)
KONT1(9,2)
KONT1(10,2)
KONT1(1,3)
KONT1(2,3)
KONT1(3,3)
KONT1(4,3)
KONT1(S,3)
KONT1(6,3)
KONT1(7,3)
KONT1(8,3)
KONT1(9,3)
KONT1(10,3)
KONT1(1,u4)
KONT 1(2 W)
KONT 1(3,4)
KONT 1(4,4)
KONT 1(S ,4)
KONT 1(6,4)
KONT1( 7 ,4)
KONT1(8,4)
KONT1( 9,u)
KONT1( 10,4)

:
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Title Cards :
Description FORTRAR VALUE ]

Comsumaila threshold for consumabla 1, threshold 5 XONT1(1,5) -
XONT1(2,5)
KONT1(3,5)
KONT1(%,S)
KONT1(5,5)
KONT1(6,S)
KONT1(?7,5)
KONT1(8,S)
KONT1(9,5) |
KONT1(10,5)
consumable 1, threshold & XONT1(1,6)
KONT1(2,6)
KONT1(3,6)
KONT1(4,6)
KONT1(5,6)
KONT1(6,6)
XONT1(7,6)
KONT1(8,6)
KONT1(9,6)
KONT1(10,6)
consumable 1, threshold 7 KONT1(1,7)
KONT1(2,7)
KONT1(3,7)
KONT1(%,7)
KONT1(5,7)
"'KONT1(6,7)
XONT2(7,7)
KONT1(8,7)}
KONT1(9,7)
KONT1(10,7)
consumable 1, threshold 8 KONT1(1,8)
KONT1(2,8)
KONT1(3,8)
KONT1(4,8)
KONT1(5,8)
KONT1(6,8)
KONT1(7,8)
KONT1(8,8)
KONT1(9,8)
KONT1(10,8)
consusable 1, threshold % XONT1(1,9))
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XONT1(2,9)
KONT1(3,9)
KONT1(%,9)
KONT1(5,9)
KONT1(6,9)
KONT1(7,9)
KONT1(8,9)
KONT1(9,9)
XONT2(10,9)
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¢ Title Cards
? Description FORTRAN VALUE
3 Consumable threshold for consumable 1, threshold 10 KONT1(1,10) . .
2 KONT1(2,10) .
3 KONT1(3,10) -,
: n KONT(4,10) -,
S 5 KONT1(5,10) .
TR 6 KONT1(6,10) -,
o 7 KONT1(7,10) -,
T 8 KONT1(8,10) -,
. 9 KONT1(9,10) —,
10 KONT1(10,10) ,
bod Sea State
Description and height of waves 0 -- calm, glassy SESTA(1) .
z in feet) 1 -~ rippled, 0-1 SESTA(2) .
; 2 -- smooth, 1-2 SESTA(3) .
3 -- slight, 2-4 SESTA(4) .
E 4 -- moderate, 4-8 SESTA(S) ,
§ -- rough, 8-13 SESTA(6) .
3 6 -- very rough, 13-20 SESTA(7) ’
¢ 7 -- high, 20-30 SESTA(8) »
8 -- very high, 30-45 SESTA(9) R
R 9 -- exceptionally SESTA(10) 1.0 ,
i" high, over u45
v Intermittent reliability--electronic equipment RELI(1) .
Intermittent reliability--electrical equipment RELI(2) R
i Intermittent reliability--electromechanical equipment RELI(3) R
Intermittent reliability--mechanical equipment RELI(4) .
' Number of mission iterationms NIP2/IP2=
i Number of iterations per computer run N »
§ Essentiality threshold, below which an event is IET ’
i ignored (1-100)
¥ Indicators for output recording options IND(1) s
: Print all inputs (1), or parameters only (0) IND(2) —
Print (1), or don't print (0): crew initial co ditions IND(3) s
: : : day numbers of ‘st. re- IND(W&) S
E pair, emergencies
§ Print detailed event results for all events beginning IND(S) .
3 with day -
. Print end of day results for all days beginning with day IND(6) —
: Print (1), or don't print (0) mission results by indivi- IND(7)
H dual man 3
!
¢
N 09

-,

+
A\l

" e




Personnel Data-Card Format 5

Title Cards

I n

Nean body weight of total population (1lbs.)

Standard deviation of population body weight (1lbs.)

Fractrion of the crew fully qualified in prime-
specialty

Fraction of the crew minimally qualified in
prime specialty

Fraction of the crew unqualified in prime
specialty

Fraction of the crew qualified in second specialty

Fraction of the crew minimally qualified in
second specialty

Avg. number of man days between physical in-
capacitations

Avg. duration of incapacity (days)

Physical capability constant, a value yielded zero
physical capability due to over exertion

Crosstraining probability - enter fractional values
representing the probability of man with a given

specialty also being trained in each other specialty.

Diagonal elements are usually zero if a man is not
to have the same primary and secondary specialty.

FORTRAN

prime specialty

second specialty

VA j
SPERSNL ‘
NFP1/FP1 ;

-

-

-

-

NIRRingn

-

[

.,

PTT(1-10,2)
PTT(1-10,3)
PTT(1-10,4)
PTT(1-10,%)
PTT(1-10,8)
PTT(1-10,7)
PTT(1-10,8)
PTT(1-10,9)
PTT(1-10,10)

. e
v e -

v % v e 4 v ® w e w
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Crew composition

number of men in each specialty at each crew eschelon (rank or level)

prime specialty

1 2 2 4 K] 6 b4 8 9 10
eschelon or level NIP1/IPlm
HEN(1‘1°i11_5 emn? ! emeee’ e’ et — SN, DN NS, )
HEN(I-XO.?) 'Y Y * L] » * » 1] \]
m:u(x-xo.t. o
MENQI-30, 8 T T T e v
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Title Cards
Description FOR VALUE
Number of duty shifts per 24 hour day NDS R
Crew duty shift assignment
g Man 1 IpS(1-6,1) I YT W
f 2 IDs(1-6 [] 2 ) -t e? e ? e ? ¥ o ?
3 IDs(1-6 23 ) P I TN K Y )
4 IDS(1-6,4) | 4 s _s_s_s_»s
] IDS(1-6,5) }_,
6 IDS(1-6,6) |_,
7 Ips(1-6,7) |_,
8 Ips(1-6,8) |_,
9 IDS( 1"6 .9) -,
F 10 IDsS(1-6,10) | _,
i 11 IDS(1-6,11) | ,
12 IDs(1-6,12) |_,
13 IDS(1-6,13) | _,
14 IDS(1-6,14) »
15 Ips(1-6,15) |_,
16 IDS(1-6,16) | _,
17 IDS(1-6,17) |_,
18 IDS(1-6,18) |_,
19 IDS(1-6,19) | ,
20 IDs(1-6,20) | _,
{

For each man enter i%%—‘IDS of one or zero, i.e., one value for each shift:

0 (man not assigned to this shift)
1 (man is assigned to this shift)

Fill in matrix with zeros if necessary.
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EQUIPMENT REPAIR DATA - CARD FORMAT 6

B R S SR D P

T i N RS ST ARTEWT

Complete the following data for each equipment repair family.

Ejiipment Name

Equipment Number

Title Cards

Qescription
Equipment repair

Reliability (days between hard failure)
Intermittent failure duration (hours)

For each *wvent in the repair family

Event 1

Repair maximum duration (minutes)
Probability of next event

Data change number

Data change value

Event 2

Repair maximum duration (minutes)
Probability of next event

Data change number

Data change value

Event 3

Repair maximum duration (minutes)
Probability of next event

Data change number

Data change value

Event &

Repair maximum duration (minutes)
Probability of next event

Data change number

Data change value

Event $

Repair maximum duration (minutes)
Probability of next event

Data change number

Data change value
‘Event ¢ _
Repair maximum duration (minutes)

Probability of next event
Data change number

‘Data change value

Event 7

Repair maximum duration (minutes)
Probability of next event

Data change number

Data change value

FORTRAN

RELH
TUI

DTR
PRB(1-3,1)
IEDC(1-3,1)
EDCV(1-3,1)

DTR
PRB(1-3,2)
IEDC(1-3,2)
EDCV(1-3,2)

DTR
PRB(1-3,3)
IEDC(1-3,3)
EDCV(1-3,3)

DTR
PRB(1-3,4)
IEDC(1-3,4)
EDCV(1-3,4)

DTR
PRB(1-3,5)
IEDC(1-3,8)
EDCV(1-3,5)

DTR
PRB(1-3,6)
IEDC(1-3,6)
EDCV(1-3,6)

DTR
PRB(1-3,7)
IEDC(1-3,7)
EDCV(1-3,7)

*Punch these cards for first equipment repair family only.

D12
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NFPS/FPé=
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mner—
nmem——?
e s ® e
e ® cmne ¥ o ¥
UGS, SV,
——
¥ o ? centa
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e ¥ e ¥
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Title Cards

Event 8
saxisum duration (minutes)
Probability of next event
Data change number
Data change value
Event 9.
Repair maximum duration (minutes)
Probability of next event
Data change nhumber
Data change value
Event 10
Repair maximum duration (minutes)
Probability of next event
Data change numbar
Data change value
Event 11
Repair maximum duration (minutes)
Probability of next event
Data change number
Data change value
Event 12
Repair maximum duration (minutes)
Probability of next event
Data change number
Data change value

013

FORTRAN

DTR
PRB(1-3,8)
IEDC(1-3,8)
EDCV(1-3,8)

DTR
PAB(1-3,9)
1EDC(1-3,9)
EDCV(1-3,9)

DTR
PRB(1-3,10)
IEDC(1-3,10)
EDCV(1-3,10)

DTR
PRB(1-3,11)
1EDC(1-3,11)
EDCV(1-3,11)

DTR
PRB(1-3,12)
IEDC(13,12)
EDCV(1-3,12)




D14

,
Equipment Repair Data
S%gloto the following data sheet for each equipment repair family, i.e., each equipment 3 :
Title Cards i
— Description FORTRAN  _VALUE 1 4
Total number of equipments NEQRE NIP4/IPé= i
Complete the following data sheet for each equipment z 4
repair in family, i.e. each equipment type ;}1 4
Repair description z 3
Eucr!ptzcm 552 digics) 67 . 2
Consumable threshold see number (units/hour) TSR . I
] Comsumable threshold (units) TSR1 . . 1
& Number of repair events in family IRE . . g
3 Family number IEFN . 43
Eve e © 3
Event 1 Type number IETYP ’ 3
3 Precedent events IPE ' .
- Next events NX(1-3,1) —— b P 3
: Repair/Touch up (1,2,3) RTU . R i3
Event family indicator (0,1,2) IFOl . ke
i Event 2 Type number IETYP . 1 g
: Precedent events IPE ’ 3
‘ Next events NX(1-3,2) JNE I — l 3
- Repair/Touch up RTU ‘ }
. Event family indicator IFOI . e
- Event 3 Type number IETYP . -
{ Precedent events IPE . 3
‘ Next events NX(1-3,3) ——t ;
; Repair/Touch up RTU ’ ;
: : Event family indicator IFo0l s 3
i Event 4 Type number IETYP ’ R
: Precedent events IPE , P
3 Next events NX(1-3,4) b i
Repair/Touch up RTU , :
Event family indicator IFQI ’ '
{ Event 5 Type number IETYP R s
) Precedent events IPE ' C
' § Next events NX(1-3,5) Y s » ',
1 i Repair/Touch up RTU T P
1 Event family indicator IFOl . i
i Event 6 Type number IETYP ’
. Precedent events IPE . :
{ Next events NX(1-3,6) s v B
’ Repair/Touch up RTU — '
: Event family indicator IroI . o
) Event 7 Type number IETYP ’ i
Precedent events IPE . .
Next events NX(1-3,7) s s i
Repair/Touch up RTU _— e T
Event family indicator IFoIr . L
s L




[N o

Title Cards
Description

Event & Type number
Precedent events
Next events
Repair/Touch up
Event family indicator
Event 9 Type number
Precedent events
next events
Repair/Touch up
Event family indicator
Event 10 Type number
Precedent events
Next events
Repair/Touch up
Event family indicator
Event 11 Type number
Precedent events
Next events
Repair/Touch up
Event family indicator
Event 12 Type number
Precedent events
Next events
Repair/Touch up
Event family indicator

*Punch only after end of all equipment repair data.

FORTRAN

<
I
T
[=]
s

IETYP

IPE
NX(I-a.e)
RTU

IFOI

IETYP

IPE
NX(1-3,9)
RTU

Irol

IETYP

IPE
NX(1-3,10)
RTU

IFor

IETYP

IPE
“(1‘3.11)
RTU

IFol

IETYP

IPE
NX(1-3,12)
RTU

IFol

Al

il

| |

-

| |
-

o

|
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EMERGENCY EVENT DATA ~ CARD FORMAT 7

Repeat following data for each emergency type.

Emergency Sumber

Title Cards

Description FORTRAN
Emergencies
Emergency: Description
Essentiality IESSE
Number of men required (by type) NREQE(1-5,1)
NREQE(6-10,1)
Mental load LODME
Rate of consumable expenditure for those
expended on a units/hour basis IRCE(1-5,1)
IRCE(6-10,1)
Threshold set for units/hours/consumables TSE
Rate of consumable expenditures (units) IRCE1(1-5,1)
IRCE1(6-10,1)
Threshold set for units/consumables TSE1
Hazard class IHE
Energy consumption by personnel types
(calories/hr) . IECE(1-5,1)
IECE(6-10,1)

Mean number of days between occurrance of this
type of emergency NDBE

Repeat following data for each emergency

Average recovery time (hours) ‘ ART

Average standard deviation of recovery time (hours) ASDE

Duration target for recovery from this emergency

sypc (hours) DTE
D-18

Value

SENREVT
NIPS5/IP5=

67H »
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‘ EVENT TYPE DATA - CARD FORMAT 8

Event type number

Title Cards

Description FORTRAN Value :
4
Event type data STYPE ;
NIPS/IP5=
Description of event type 67H .
Essentiality (0 to 100) IESS .
Number of men required (by type) NREQ(1-5,1) s
NREG(6-10,1) | —,~,7,7,",
Mental load LODM R
Kind of event end time (1= fixed end;
2= variable end) KE .
Kind of event (1= normal; 2= training) INT .
Rate of expenditure of consumables (units/hours) IRC(1-5,1) s
IRC( 6'10 .1 ) JUUR SR R R S
' Rate of expenditure of consumables (units) IRC1(1-5,1) _d_d_v__s
1RC1(5‘1°.1) L TS N R DU ]
Hazard class (1-3 low, 4-6 medium, 7-9 heavy) IH .
Energy consumption (cal./hr.) IEC(1-5,1) Vs
IEC(S‘iO. 1 ) UL TR NN TR T
z‘ Number of equipments required® NIQR R
» Equipments required® _ IQR(1-6) s> .
Class ICLASS R
Cowplete entry of all Event type data, IESS to ICLASS, ADUR —_—
for all REvent types bafore entering duration data. ASD —
Precede duration data by NFPS/FPS =
Hote: Rach RAMELIST entry (ex $TYPE NIPS/IPS =)
occurs only once. It 1s not repeated before each
task type.
Average duration (hours)
Average standard deviation

“For event type data which are for equipment repair, NIQR must be 1 (one equipment
being repaired) and IQR(1-6) should be of the form (X,0,0,0,0,0) where X is the
number of the equipment to be repaired. For scheduled event types where, say
equipment numbers 1,3, and 11 are to be used in the event, NIQR= 3 and IQR(1-6)=
(1,3,11,0,0,0).
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SCHEDULED EVENT SEQUENCE DATA - CARD FORMAT 9

CERAPTR CORMI R L R

Scheduled events title card FORTRAN Format
(Input card not free format)

Day number for this iteration ND 13
Number of scheduled events this iteration NOSE 13
Title for this day 11A6

e -

Complete the following data for each scheduled event:

Scheduled Event Name Scheduled Event Number
Scheduled Events FORTRAN Value
SSCHEVT
NIP3/IP3=
Event type IETYP .
Precedent event sequence number which
must be completed before current event IPE »
Threshold set (units/hour) T8 ,
Threshold set (units) TS1 '
Repeat/Touchup code (1= repeat; 2= touchup,
3= no action) RTV . .
Event family indicater IFoI .
Number in family NIF » ’
Family number IEFN »
Next events NX(1-3,1) s
(Repeat for each scheduled event)
NFP3/FP3=
Time limit TL .
Start time (hours) ST .
Probability of alternatives PRB(1-3,1) R
Data change number IEDC(1-3,1) .
Data change value EDCV(1-3,1) . s

(Repeat for each scheduled event)

.
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APPENDIX E
CONFIDENCE BOUND ESTIMATION

E.1  Introduction

In this section, two methods for estimating the confidence
bounds of a lognormal distribution are described. The first method
estimates the confidence bound due to the expected sample variations of
the parameter estimates. The second method estimates the confidence
bound due to the noise effect, which is the random variations from the
swooth envelope of a true lognormal distribution. Normally, when the ;
random sample deviations from the true lognormal distribution are
negligible, only the first method will be required. Otherwise, the
confidence bounds of methods 1 and 2 should be combined to provide a

conservative result.

In order to clearly illustrate the estimation procedures, the
the sample elapsed (or repair) times (x) of table E-1 are used.

Initially, the lognormal regression line is estimated, by a
shortcut method, as a straight line conmnecting the estimated median and ;

the 95th percentile point.
The estimated median of repair time = MTTRg = x(50%) = 1.234%

The expected x (95%) = wmzE exp (1.6450/0.434). G (the
estimate of 0) is computed from equation (E-2) and is equal to 0.623/2.3,
or roughly 0.271. Therefore, the expected x (95%) = 1.234 exp [1.645

(0.271)/0.434] = 3.443.

The regression line can then be plotted on lognormal paper in o
figure E-1 by joining the two points x(50%) and x(95%). The detailed g
procedures for estimating the other data points in figure E-1 are ex- !;
plained in the following sections. i 3

E.2 Procedure for Estimating Confidence Bound Due To Variatiouns of
Parameter Estimates Enthod 12

E.2.1 Calculation Procedure. This method assumes the random varia- o
tion between x and a true lognormal distribution is negligible so that 1

equation (E-1) holds.

A
*From Table B-1, MITR; =a! = 1.234.
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Legend Data Source
4 - 4 Estimated Lognormal Regression Line Paragraph X-1
X X X Diacrete Sample Data Points Taole X-1, 2, Colums (3) & (5)
e - o 95 Confidence Bound, Method 2 Table X-2, Columns (3) & (12) or (13
O - 0 96% Confidence Bound, Method 1 Table X-1, Columns (3) & (8) or (9
¢ - c95% COnﬂgenie&Bgund. Combined Table X-3, Columns (3) & (%) or (¥
Methods
Note: X Sample data points are either above or below the ro!nuton line depend-
ing on whether ¢ is positive or negative - see Table X-2, Column (7). _
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Pigure E-1. Illustrated Lognormal Regression Line and Confidence Bounds
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£ InX = Y' = ' +0'2 . (E-1)

X - random variable of the entire population; X is
lognormally distributed

x - sampled random variable from the population :

Y' - normally distributed with a mean ' and variance a'?

N N
true mean of Y' = 3, 1nX/N =3 /N

:‘
1

u' - estimate of u' = ilnXIn . i
o' - true standard deviation of 1nX = g 1nX-p')2 i
N H
o' - estimate of ¢' [see equations (E-2) and (E-3)]
y' - natural logarithm of x or lmx
N - population size (in many cases N is extremely large)
n - sample size, in this section n is assumed to equal M.
O - true standard deviation of log X
; G - estimate of ¢

Z - standardized normal variate

o - significance level

M - interval size

1

¥

n
vﬁm)z - (Zlnx)?/n
n-1

w0
2,36 = 2.3 2 (log x)2 - (3, 1og x)2/n (E-2)*

1' n_l

oS dipa g AL R
>
-
[}

T e

*Equation (E-2) should be used vhen sample size is small; equation (E-3)
is easier to estimate ', but sample size should be equal or greater
than 20.
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For n (sample size) > 20, 1n(10) = 2.3

M n
~ A 1 E-3)*
=230 =2,3 Vn-l ‘/1.15 log (Z x/n)/D (E-3)

when D = Antilog (2‘103 x/n)

Since 1’ 1s a random variable which (according to the central
limit theorem) is normally distributed with the mean H' and the standard
deviation ¢'/ v/u, the confidence interval of u' can be estimated by:

Probability (u'L <u' <u'y

- DY o_ o' T
probability 3(u ta/Z(n-l) vﬁr,< u' <(u

. d.f.
_—0— - - E-l‘
ta/2 @-1)"/m ) § l-a (E=4)

d.f.

Since 1nx is normally distributed, and (n-1) 0'2 ig equal

to (Inx - 1i')2, the confidence bound of 0'2 can be estimated by

equation (E-5). Note that one degree of freedom is lost due to the
estimate of u'.

Probability (0'2 < 0'2 <o 2)

L]
= probability ; n-1)g '2 o 2
xZ @ = a/2) (n-1, d.f. )

oo g'2 i (E-5)
xz
a/2 (n-1 d.f.)

=]1-a

*In equation (E-3), the correction factor VM/(M-1) is derived empirically.

For instance, using the example illustrated in page 80 of "Maintain-
ability Principles and Practices," Blanchard and Lowery, the standard
deviation estimate based on 27 samples without correction factor re-
sulted in 1.724 percent error. When correction factor is used, the
error is reduced to 0.155 percent.




According to the proof provided in section 10.4 of "Introduc-
tion to the Theory of Statistics," (Mood, A. and Graybill, F., McGraw-
Hill, 1963), the estimates of the mean and variance of x are statistically
independent; consequently, their convariance is zero. This permits us
to set up a Jdeterministic confidence bound of x values for a fixcd utand-
gfd notma} variate Z by estimating the worst combinations of u Ls u Ho
g' and O .

L R

~ - o A'

X (upper) = exp [Z(" w *tV n] ; for all Z > 0

A A a, ] (Z positive) (E-6)
- ] L}

X (lower) = exp [2(0 L) +u L.

~ ”~ n 7

X (upper) = exp [2(0'1) +u'y for all Z < 0

X (lower) = exp f 2(a" Wt u'J (2 negative) @1

Since the probability of a parameter equal to (or exceeding) its
estimated limits is a (or < a), the joint probability of both parameters
(u' and 0') equaling (or exceeding) their respective limits is a (or
<aZ); consequently, equation (E-8) can be established.

Probability [ﬁ(lower) <X< ﬁ(upper)]z_ 1 -0 (E-8)

E.2.2 Example. Using the data from table E-1, rearrange the sample
elapsed time 5x5 in the ascending order as recorded in table E-1, column
(5). The remaining columns of table E-1 are described as follows:
Columns (1) and (2) are self-explanatory, and column (3) records the
nidpoint of accumulative frequency of column (2). For instance, midpoint
of 0 and 0.1 18 0.05, midpoint of 0.1 and 0.2 is 0.15, etc. A simple
formula for estimating midpoint accumulative frequency (F') is shown in

equation (E-9).

2i-1
A

i = the sample sequence, which ranges from 1 to n
M = the total interval eize, which is 10 in this example
F' = the midpoint accumulative frequency

= F! (E-g)

Column (4) records the standardized normal variate value Z, which can be
derived from a cumulative normal table with F' values as the inputs.
Column (5) racords sample data (x) in ascending order. Columns (6)
through (9) data can be computed using equations (E-6) and (E-7).

i s

)
b




TABLE E-1. CONFIDENCE BOUND DUE TO RANDOM SAMPLE VARIATIONS OF
PARAMETER ESTIMATES, METHOD 1 DATA
1) (2) (3) (a) 3) (6) (8)) ®) (9)
Accum. Repair a A
Preq. Midpoint Tiwe 1nx lnx X X
k (¢2) r 3 x (upper) (lower) (upper) (1ower)
F 1 0.1 0.05 =1.64% 0.% =-0.319 -1.365 0.77 0.209
2 0.2 .13 -1.04 0.65 =-0.024 -1.013 0.976 0.363
k] 0.3 0.25 -0.673% 0.8 0.154 ~0.679 1.166 0.507
4 0.4 0.33 -0.386 0.9 0.295 -0.416 1.343 0.660
5 0.% 0.45 -0.12% 11 0.422 -0.177 1.52% 0.838
6 0.6 0.3% 0.12% 1.25 0,597 ~0.001 1.817 0.999
7 0.7 0.65 0.386 1.% 0.836 +0.126 2.3006 1.134
8 0.8 0.7% 0.673% 1.8 1.100 0.267 3.004 1.306
9 0.9 0.85 1.06 2.3 1.43 0.445 4.195 1.560
10 1.0 0.95 1.64% 4.1 1,987 0.740 7.29 2.09%
I2=0

In order to use equations (E-6) and (E-7), u'y, u'y, O'g, and o'y must first
The computation procedures are illustrated as follows:

be computed.

nel0=M

n
MTTR; = Antilog ( £ log x/n) = 1.234
i = ln (MTTRG) = 0.210

O estimated from equation (E-2) = 0,623

Let o = 20 percent.
to.2/2(10 - 1, d.f.) = 1.383.

From equation (E-~4):

Ny = n' -t 1) “% = -0,062
LS Al c/ﬂ:})ﬁﬁ

~

~ A (o)
'y - u' o+ ta/2(n-1). 7% " 0.483

From a student's t table,

L,

B e A ST
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From equation (BE-5): B

) aon - 00 -
® X% (a/2) (n~1) d.f.)

¢ . 0.623 x §9§% - 0.915

z
i
! : 6 lo=l)
|t
l

- et

o'y = -
a L Y% 1-0.2/2) (a-1, d.t.)
T0-1

= 0.623 x YW ] = 0,487

2

e

To compute data in columns (6) and (8) for Z = +1.645, equa-
tion (E-6) can be used as follows:

o

1nX (upper) = Z (G'y) + 'y = 1.645 x (0.915) + 0.483 = 1,987

§ £ (upper) = exp [1.987) = 7.294
2
& © To compute columns (7) and (9) data for Z = +1.645, equation
2 - (E-6) can be used as follows:
§ & 1nX (lower) = z(d'y) + H'L = 1.645 x (0.487) - 0.062 = 0.739
i
% X (lower) = exp [0.739] = 2.095
; , Similarly, the other data of colummns (6) through (9) can be
o - i computed; however, notice that equation (E-6) should de used for all
k. positive Z values, and equation (E-7) should be used for all negative
: Z values.
£ -
j £ The X (upper) and X (lower) values with their corresponding F'
i values are plotted in figure E-1 to provide Method 1 confidence dounds.

E.3 ures for Kstimat fidence Bound Due to Random
& True Lognormal Distributi Mathod 2

Mathod 2 is based on a classical linear regression confidence
bound computation procedure, The basic notations stated in section B-2
are unchanged; however, because the method is intended to estimate the
confidence dound due to the random deviations from the smooth envelope
of a true lognormal distribution, equation (E-1) in section E.2 should
be replaced by equation (B=10) below:

InX =Y e y' +0'2 4+ ¢ (E-10)

—— M’m L.

-~
tas

E-9




€ is a nuisance variable that is assumad to be normally dis-

tributed about the regression line with a variance equal to o2¢ and a
mean roughly equal to zero. If the true values of u', o', and o¢ are
known, the 95th percentile prediction interval for Yo' would be simply:*

u' +0'Z, - 1.960¢ to u' + 0'2, + 1,960¢

Because all three parameters are unknown, we shall attempt to establigh
an interval in termg of their estimates. The variate eA = Y'o =u' - 0'2,
(or € = y'o = U' = G "Zo)** must also be normally distributed becayse it
is a linear function of the normal vnriatgt Y'o (or y'o), u', and G'.

The mean of £ is zero and its variance og , 1s:

"
2[, .1, 22
-OCP+n+n2] (E-11)t
Tz

The meaning of the terms on the right hand side of equation (E-1l1) are
explained as follows: the first term is the expected variance of y'y or
simply oez. the second term is the variance contribution to 022 due to
the Elnddl variable U, and the thirxd term is the variance contribution
to Og? due to the random variable o'.

Since the variate £/0» is normally distribyuted with zero mean
and unit variance and is distriButed independent of oez (n-2)/02 which
has a chi-square distribution, equations (E-12) and (E-13) can be
established:tt .

e/og (E-12)

A 2 2

O¢ O¢
*Y'o indicates a specific Y' value, that corresponds with Z,, which is
a specific value of Z; y' is a subset of Y',

**E is the estimate of ¢; € is an estimate of €.

+Bquation (E-11) is true only when ‘E Z/n or ¥ is zero. For the lognormal
distribution application, this condition is quite appropriate because

at the median (50th percentile) of a distribution, 2 is always zero.

See derivation in: (1) Mood, A., and Graybill, F., "Introduction to

the Theory of Statistics," McGraw-Hill, 1963, Section 10.4; and (2)

NBS !Dl* 91, "Experimental Statistics," August 1963, Chapter 5.

++3§2 - X (y' -ﬁ - a'z)zl(n- 2); two degrees of feeedom are lost due to
the estinates of y' and o'.

t=

E-10
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Probability {(ﬁ' + a* z, - A<y', <n' + a.zo + A) } -1l-a i ]
t

vhere: (E-13)
A=t (n-2df)341+l+22/322
a/2 red Ve n 0

E.3.1 Comments on Equation gn-1;). Note that y'y is a subset of
¥'ys or simply its estimate. The y', range prcdicted by equation (E-13)
is only a subset of Y'p range~-not :hc expected maximum range of Y', with
(1 - o) probability. The sample result shown in figure E-1 points out
that equation (E-13) only effectively predicts the confidence interval

for the random sample deviations from the smooth envelope of the lognormal
distribution. To predict the expected maximum Y', range, equation (E-14)
in section E.4 should be consulted. In other words, equation (E-13) holds
only for a linglc prediction based on ., 0, and Og; the relation has
mcaning only if u', o', and O -are re-estimated each time a prediction

on y'p is made.

E.3.2 Illustrative Example thod 2 Again, the repair time data
from table E—; are used for the 111uattatod example. As explained in
section E.2, u' is 0,210, o 1s 0. 623, and n is 10. o is chosen to be
0.10 and ta/z(n-z d.f,) is 2.306. Table E-2 data computation procedures
are explained as follows,

Columns (1) through (5) data of tables E-1 and E-2 are iden-
tified; the descriptions of these data are the same as that stated in
section K.2,

Columns (6) through (8) are self-explanatory. Note that sum
of column (7) data should be close to zero to ensure that the regression
line achieved by the shortcut method shown in section E.1 is roughly
equivalent to that by the classical linear regression line estimation
approach. Also, note that the unbiased estimate of o¢ ia:

. J Sum of Colum:_28 table E-2

4102-0088

Column (9) "A" data can be computed by inserting the appropriate
parlnctor values into equation (E-13). Note that in this illustrated
example 202 is roughly 8,800.

ae
(E-14)

Columns (10) through (13) data dorivation procedures are self-
explanatory. Columns (10) and (11) provide y' g ranges defined by equation
(E-13). Columns (12) and (13) convert these y'p range values to x values
so that they can be plotted on figure E-1.

E-11




TABLE E-2. CONFIDENCE BOUND DUE TO RANDOM SAMPLE
DEVIATIONS FROM A TRUE LOGNORMAL DISTRIBUTION

(METHOD 2)
) “4‘2 ;!L () 3 1) m ) R (9 - _ae apy 1 ay an
treg. ot ¥, Times | W e Inn e alhigh)e n{lower)s
k| (Dw/e r 2 x | u'ee's| -wo & | mquatien (2-19) - wa | enp “-pt-4)
1 ot 0.03 -tas | o3 |-o.me | 0um |00 0.240 =109 | 0.3 | 0.3 0.564
2 0.2 0.3 | -1.0a | 0.3 | -0.437 | o0.008 |0.000 0.1 -0.681 | 0.3 | 0.8 0.008
3 0.3 0.8 -0.413 | 0.4 ]~0.m0 ] -0.013 ] 0.000 TR ~0.a17 | «0.007 | o.092 1.007
. 0.4 0.38 -0.30¢ | o9 |-0.0%0 | -0.073 |o.008 0214 -0.204 | 0,204 | 6.70 1.302
’ 0.3 0.43 ~0.138 | 1 | s0.193 | -0.087 {o.00 0.11) 0.000 | 0.30 | 0.02 .43
. 0.6 0.5 0133 | 1.23 | «0.280 | -0.083 | 0.004 0.11) .01 | o0 | 1.0 1.0
? 0.? 9,43 0.6 | 1.3 [0.a51 | ~0.088 | 0.002 0.4 0.29? | o.ea8 | 1.207 1.0
. 0.0 0.73 0.673 | 1.8 {+0.6n1 | ~0.0a3 | 0,002 0.017 0414 | o8 | 1313 .39
) 0.9 0.0% 100 | 2.3 | 0.3 | -0.008 {0.0m RTY 0.6 | 1002 ] 1.088 .99
10 1.0 0.93 1008 | 4.1 | erasn | w002 {0.0m 0,240 0.9 | 142 | 202 A.38?

E.4 Comment on rggr- E-1 and the Procedure for Combining
Mathods 1 and !

After observing the regression line confidence bounds shown in
figure E-1, we can see that the method 2 prediction is effective only in
predicting the confidence interval for the noise effect alone. According
to table E-2, column (9), the A values are nearly constant, which is
roughly equivalent to the product of tg/2(n-2, 4. ¢, ) and Og.* As a o
sample size (n) increases, this phenomenon will be even more noticeable. 1
This is because table E-2, columm (9) data is computed assuming {i', ¢' :
are constants so that the computed A value will predict the range of y'
(which is a subset of Y' ) at a given confidence level. If equation
(E-13) is modified to pridict the confidence interval of Y', instead of
y' , the worst expected combination of maximum ranges of [i' and G' values
shSuld be used so that the probability

(vL<Y'°<V.)-prob¢buity{ﬁ' Y+ (KB AT < () =
+0', 2 +A)} >1-a .
()% } (E-15) b

¥he A value 1s the repair time interval between confidence bound aund
regression time.

12 _-}
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In this case u( ) can be either u H oF u L» and o' ( ) can be either °'H
or 0'y depending on which combination providcc the maximum range of Yoo
The rulnl for selecting the proper pair of {i' and G' limits are as follows:

Vg = 1Ink (upper) + A = ﬁ'u + zo(o'ﬂ) +Aforz, >0 (E-16)
Vy = 1ok (upper) + A = 'y + zo(G'L) +Atorz <0 (B-17)
V, = 1nX (lower) - A = u') +2 (")) ~ A forz >0 (E-18)
v, = 1of (lower) - A= ii') +2 (3'y) ~ A for 2z <0 (E-19)

This rule is identified with that shown in equations (E-6) and (E-7).

Since the value of [i'y, H'y, O'y and 'y can be estimated by
equations (E-4) and (E-5), and X'R value can be estimated by equation
(E-13), the confidence bound predicted by equation (E-15) is equivalent
to the combined results of Methods 1 and 2. To illustrate how combined
Mathods 1 and 2 can be used, table E-3 is constructed. The procedures
for computing the data in table E-3 are explained as follows:

Column (1) and (2) data are obtained from table E-1 or E-2,
columns (3) and (4).

To estimate the data in row 1 of columns (3) and (4):
ﬁ'n (from page 7-8 computation) = 0,483
8'1, (from page 7-8 computation) = 0.487
A (from table E-2, row 1, column (9)) = 0,240
VH =~ 0.483 - 1.645 (0.487) + 0,240 = -0,078
G'L (from page 7-7 computation) = -0.062
3'3 (from page 7-8 computation) = 0,915
VL - H'L - 10665(0'“) - 0.240 - -1-807
To estimate the data in row 1 of columns (5) and (6):
X high = exp (Vg) = exp (-0.078) = 0,925
X Jow = exp (VL) = exp (-1.807) = 0.164

€13
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TABLE E-3, COMBINED METHODS 1 AND 2 CONFIDENCE BOUND PREDICTION
1) (2) (3) (4) 3) (6)
V“ = 1nX VL = InX Combined . Combined
F z (upper) + A (lover) - A Rnign = oxp Yy Xiow = oxp Yy,
0.05 -1.645 -0.078 -1.807 0.925 0.164
0.15 -1.04 +0.200 -1.237 1.221 0.290
0.25 -0.675 +0.3 -0.897 1.449 0.408
0.35 -0.386 0.509 -0.629 1.663 0.533
0.45 -0.123 0.634 -0.389 1.886 0.678
0.5% 0.128 0.810 -0.214 2,247 0.808
0.65 0.386 1.050 -0.088 2.857 0.916
0.75 0.675 1.317 0.050 3.733 1.051
0.85 1.04 1.658 0.221 5.248 1.247
0.95 1.6435 2.227 0.499 9.276 1.647
E.4.1 Final Coument on Combined Methods 1 and 2. Note that a used
in method 1 (table E-1) is 20 percent while a used in method 2 (table
E-2) is 5 percent. Proof that these methods are compatible is that
according to equation (E-8), the ultimate confidence level of method 1

is 1 - (20X)2, or 96 percent, while that by method 2 is 1 - (5X), or

95 percent.

Since ¢ defined by equation (E-10) is independent of u'

and o', the combined confidence level according to equation (E-15)
should be equal to or greater than 95 percent.

E-14
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